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Compounds and methods for the Identification and/or validation of a target 



(57) The present invention is related to a compound, 
preferably 1 4 to 30 nucleobases, preferably 1 7 to 23 nu- 
cleobases and more preferably 17 to 21 nucleobases in 
length, targeted to a nucleic acid whereby the nucleic 
acid is heterogeneous nuclear RNA (hnRNA). The 
present invention is also related to a method for the iden- 
tification and/or validation of a target wherein the target 
is part of a tumor suppressor related pathway compris- 



ing the following step: 

a) applying to an expression system afunctional ol- 
igonucleotide wherein the functional oligonucle- 
otide is specific for an mRNA encoding the tumor 
suppressor. 
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Description 
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15 



and a method for screening of a candidate compound interacting i wfth ia target 

men*** of a compound library «Mch may comH i of ay.*.* ^nafcral "JJJJJ; ^ , 

expression in nomtal .emus tumor cite. However , tumor cello ^ w«a»«^ J 

dation of targets which are functionally linked to tumor suppressors. identifying/ 

acid is an intron of a nucleic acid molecule. .riptide 
sense oligonucleotide, ribozyme and RNAi. 

« M ,„.mompmlen^«r*«nmomMboma ! pec«m.1unc^^ 

i^Ten^re Pmtonod embodiment . bom oopecto ,h. mod*ed lotemuclecalde to o phosptu,. 

^T'nteLoc^mrfbomaspa^^ 
45 [001S| Inapreferredembodlmeraorbomaspectsmernc^ 

25T!1 embody o. Pen, aspectt m. tun=«ona, comprise , « >>»~^ M " ucte0baM ' 

S3 :«£^:k2SS^ - ■ — 

50 S UC ml d p"eferred embodiment of both aspects the compound shows the following structure: 
cap-tnoUNsUnp^-cap . 
whereby cap represents inverted deoxy abasics or similar modifications 

55 n represents 2'-0-methyl ribonucleotides ; 

N represents phosphorothioate-linked deoxyribonucieotides , 
subscript p represents phosphodiester linkage, and 
subscript s represents phosphorothioate linkage. 
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subscript x represents an integer from 5 to 7; 
subscript y represents an integer from 7 to 9; and 
subscript z represents an integer from 5 to 7. 

[0021] In a third aspect the problem is solved by a composition comprising a compound according to the present 
invention and a pharmaceutically acceptable carrier or diluent. 

[00221 In a fourth aspect the problem is solved by a method for inhibiting the expression of a gene in a cell or tissue 
of a mammal , preferably in vitro, comprising contacting said cells or tissues, preferably in vitro, with a compound 
according to the present invention so that the expression of the gene is inhibited. 

[0023] In a preferred embodiment the mammal is selected from the group comprising mice, rats, guinea pigs, ham- 
sters, monkeys, dogs and cats. 

[0024] In a fifth aspect the problem is solved by a use of the sequence of an intron of a gene comprising at least one 
intron and at least one exon for the design of a compound targeting said gene, whereby the compound is an functional 
oligonucleotide, preferably a functional oligonucleotide according to the present invention. 
[0025] In a sixth aspect the problem is solved by a method for the identification and/or validation of a target compnsing 

the following step: 

a) applying to an expression system a functional oligonucleotide wherein the functional oligonucleotide is specific 
for PTEN hnRNA,. 

[0026] In a seventh aspect the problem is solved by a method for the identification and/or validation of a target 
comprising the following step: 

a) applying to an expression system a functional oligonucleotide wherein the functional oligonucleotide is specific 
for PTEN mRNA. 

[0027] In an embodiment of the sixth and the seventh aspect of the present invention the target is part of the PI3K/ 

PTEN related pathway. . 
[0028] In a further embodiment of the sixth and the seventh aspect of the present invention the target is part of a 
pathway which is selected from the group comprising the Akt related pathway, the EGF-related autocrine loop and the 

mTOR pathway. , t . . . . . 

[0029] In another embodiment of the sixth and the seventh aspect of the present invention the target is involved in 
the pathogenetic mechanism of a disease or condition selected from the group comprising glioblastoma, prostate 
cancer, breast cancerjung cancer, liver cancer, colon cancer, pancreatic cancer and leukaemia. 
[0030] In a preferred embodiment of the sixth and the seventh aspect of the present invention the target is involved 
in a biological process selected from the group comprising proliferation, cell survival, migration, apoptosis, stress sig- 
nalling, metastasis, anoikis, cell attachment and processes signalling through modulation of PI3K activity. 
[0031] In a further embodiment of the sixth and the seventh aspect of the present invention method the target is 
selected from the group comprising transcription factors, motility factors, cell cycle factors, cell cycle inhibitors, en- 
zymes, growth factors, cytokines, and tumor suppressors. 

[0032] In a preferred embodiment of the sixth and the seventh aspect of the present invention the target is a tumor 
suppressor and wherein the tumor suppressor is selected from the group comprising landscapers, gatekeepers and 
r&td k© rs 

[0033] In an even more preferred embodiment of the sixth and the seventh aspect of the present invention the method 

further comprises as step b) 

comparing the expression pattern of the expression system upon application of the functional oligonucleotide 

with the expression pattern of the expression system under control conditions. 

[0034] In another embodiment of the sixth and the seventh aspect of the present invention a further expression 
modifying agent is applied to the expression system, the expression pattern of the expression system is detected and 
the expression pattern is compared to the expression pattern generated upon steps a) and/or b). 
[0035] In a preferred embodiment of the sixth and the seventh aspect of the present invention the expression mod- 
ifying agent is a functional oligonucleotide. 

[0036] In a further embodiment of the sixth and the seventh aspect of the present invention the expression modifying 
agent is modifying the expression of a second target, preferably a target as described in the above paragraphs. 
[0037] In a preferred embodiment of the sixth and the seventh aspect of the present invention the second target is 

different from the first target. ,^„ iaT 

[0038] In an embodiment of the sixth and the seventh aspect of the present invention the target is the molecular 

target of PTEN, preferably of PTEN acting as a tumor suppressor. 
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(00391 in an eighth aspectthe problem is solved by a method forthe identification and/or validation of a target wherein 
the target is part of a tumor suppressor related pathway comprising the following step: 

a) appiying to an expression system a functionai oligonucleotide wherein the functional oligonucleotide is specific 
tor hnRNA of a tumor suppressor, preferably the non-coding part thereof. 

l0 0401 in a ninth aspect the problem Is solved by a method for the va,ldation 01 * * h " h 

!he Trget is part of a *mor suppressor related pathway compnsing the followmg step. 

a) applying to an expression system afunctional oligonucleotide wherein the functional oligonucleotide is specific 
for an "™«S2££H^ aspect of the present invention the target is invoked in the patho- 
bmtf cancer, lung cancer, liver cancer, colon cancer, pancreafc cancer and leukaenma. 

2S with the expression pattern ol the expression system under "**^*""L ,, ,,„,,., axpression rrrobltying agent 
5SS ^T^r^C^riT.l^ the express^ ^ 

modifying agent is modifying the expression of a second target, preteraDiy a xargei <« v 

SET!? a tenth aspect the problem underiying the present invention was solved by an antfcense oligonucleotide 
35 selected from the group comprising 
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B ugaacugC s T s sA s sG s sC s sC s sT s sCs s T s sggauuug B (SEQ ID No. 1) 
B uggacaaC s sA s sA s sG s sT s sG s sT s sC 5 sAsaaacccu B (SEQ ID No. 2) 
B ggaaaccT s sC x sT s sC s sTsST s sA s sG s sC s scaacugc B (SEQ ID No. 3) 
B uguugcaG s sA 5 sA s sGssGssT s sT s sC s sAsuuccugu B (SEQ ID No. 4) 
B cuuccgaGssAssGssGssAssGBAssGssAssacugagc B (SEQ ID No. 5) 
B ccacaaaC ss T st G ss AssG ss Gs 5 A ss T ss T ss gcaaguu B (SEQ ID No. 6) 
B ucugacaCssAssAssTssGssTaCaCssTssauugccaB (SEQ ID No. 7) 
B aaggaggAssGssAssGssAssGaAssTssGssgcagaag B (SEQ ID No. 8) 

B guccuuuCssCssCssA^GssCsTssTss^acaguga B (SEQ ID No. 9) 
B cuggaucAssGssAssGssTssCaAssGssTssgguguca B (SEQ ID No. 10) 
B ucuccuuTssTssGssTaTssTssCssTssGssCuaacga B (SEQ ID No. 11) 



B ugaacugC s sT 5 sA 5 sG s sC s sQsT s sC s sT s sggauuug B (SEQ ID No. 12) 
B ugcugauC s sT 1 sT s sC s sA s sT s sC s sA 5 sA s saagguuc B (SEQ ID No. 13) 
B acuuugaT s sG s sT I sC i 5A s sC J sC s sA s sC s sacacaggB (SEQ ID No. 14) 
B uggguccT s sG s sA s sG s sT s sT s sG 5 sG $ sA s sggaguag B (SEQ ID No. 1 5) 
B cuucaccT s sT s sTssA s sG s sC5sT s sGsSGsScagacca B (SEQ ID No. 16) 
B ugccacuG s sG $ sT»sQsT s sG s sT s sA s sA $ succaggt B (SEQ ID No. 17) 
B ucucuggTsSQsCsTssTsSA^sCsTssTsSccccaua B (SEQ ID No. 18) 
B ucgucuuC s sAssC $ sT s sT s sA s sG s sC s sC s sauugguc B (SEQ ID No. 19) 
B gucuuucT s sG s sC s sA s sG s sG s sA s sA s sA s succcaua B (SEQ ID No. 20) 

whereby B stands for inverted abasic, positions 1 through 7 and positions 17 through 23 are 2'-0-methylated ribonu- 
cleotides and are phosphodiester -linked, positions B through 17 are phosphorothioate linked, positions 8 through 1 6 
are desoxynucleotides, position 17 is a ribonucleotide; 

B g I u,c J cuuuCsC,C t A I G s C s T t TsT s acag s u s g s a B (SEQ ID No. 21) 

whereby B stands for inverted abasic, positions 1 through 7 are r-O-methylated ribonucleotides, positions 8 through 
16 are desoxynucleotides, positions 17 through 23 are 2 , -0-methylated ribonucleotides, positions 1 through 4 are 
phosphorothioate linked, positions 4 through 8 are phosphodiester- -finked, positions 8 through 17 are phoaphorothio- 
ate -linked, positions 17 through 20 are phosphodiester- linked, and positions 20 through 23 are phosphorothioate 
linked and 
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B agaccaCAAACTGAGgauugc B (SEQ ID No 50, also referred to herein as 
huPTEN:l686L2l), 

B agacgaCTAACTCAGcauugc B (SEQ ID No 51, also referred to herem as 
huPTEN:l686L21 4MM), 

B cccuuuCCAGCTITAcaguga B (SEQ ID No 52. also referred to here* as 
huPTEN: 1420L21). 

. n /c?n in "No 53 also referred to herein as 

B ccguuuGCACCTTTAgaguga B (SEQ ID no 3j, 

huPTEN: 1 420L2 1 4MM), 

B aagcagCAAAGTCCTaagcag B (SEQ ID No 54, also referred to herein as huPTEN intron), 
B cagaauTGGGCTGTAuuuggu B (SEQ ID No 55, also referred to herein as huPTEN intron), 

hereby B represents an inverted abasic nucieoflde. each and ^^^S^^ 
each other a 2'-0-methy. ££5lS2Sl!f - A,G, /and C. 

independent* from each other a phosphor* ^^^toM and of the antisense oligonucleotides disclosed 

closed herein. „ r oc*nt invention is solved by a method for the generation 

- - - — ■ 9 — ~ 

the following steps: 

a, proving • MM MM oUgonecleondespeesIc - ""™ A ' « ** mRNA ' ^ "* 
erably PTEN, 

b) modifying the initial functional oligonucleotide, and 



system. 



ro051l in a preferred embodiment of the twelve* aspect of the present invention the method further comprises the 

LTof S specfficny of ft. inWaJ and ^^^SSS^I^ oligonuc.eot.de is 
[0052] In another embodiment of the twelveth aspect of the present invention tne.nn.ai 

any of the inventive antisense oligonucleotides invention is solved by a method for the screening 

of a PTEN related pathway, the method comprising the following steps: 

. pro,™, an expression system to whfch a fortflona I *»^^2USS!S^ 
PTEN. 

- screening a llbrer, o, candtdare compounds in said expression system » Idenfsy one . more etemenfs .f me 
San/3ng acdilty with regard to Interacting with the target and, optronally. 

• ""SE mSn the, the venous features o, the embedments o, me htvandrre mere* ae disdosed 
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herein as other aspects of the present invention may aiso be used for the purpose of the method according to the 
thirteenth aspect of the present invention. 

which are not coding for a polypeptide. >„ tara ^. n „ h^en the comoound and a target nucleic 

target nucleic acid this interferes with the normal function of the target nucle.c acid such of tne 

X On the other hand a sufficient degree of Renter* f u " der 
compound to non-target nucleic acid (sequences) under condWon ' > n ™ therapeutic or diagnostic 

nhvstoloaical conditions In the case of in vivo use of the compound such as in in ww assays or tnerapeuiic o y 

SSllJ: of /n vnro assays under -^^J-J^ rna mo.ecu.es. 
[0056] Nascent RNA and mRNA intermediates in ^J™**^ cytoplasm. 
From the time nascent transcripts first emerge from RNA ^polymeras Ml un U ^ c ce „ s 

they are associated wfth an abundant set of nuctear pro . ^J^^^l^^ZlLm^^ 
These proteins were first characterized as being the t0 mRNA precur- 

Zipursky, Matsudaira, and Darnell; Molecular Cell WdjW Nps and/or t0 intron(s) , or pa rt(s) 

[00571 » is also within the present invention that the compound s *»2«Itod ^ f actual|y any hnRNA or 
thereof, of a nucleic acid molecule which is preferably a ^J^^^^^^i herein. As will 

nucleic add molecule may thus alee be a genomic nucleic acid, or at least the invenwe compounu y 

, become neceastay In order to establish an Incensed V*"***"?^ £ " ' SSITS* other purposes 
specific interaction with other compounds. 
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[0062] Irrespective of the particular use of the compound according to the present invention said compound may be 
further modified such as by incorporating a label. Typical labeling may be conjugation of an enzyme to the compound 
and/or radiolabeling of the compound. Other labeling techniques such as non-radiolabeling are also known to the one 
skilled in the art and, for example, described in Ausubel et al. (Ausubel, F. M. et al. (eds)(1988). Current protocols in 
molecular biology. New York, Published by Greene Pub. Associates and Wiley-lnterscience : J. Wiley). 
[0063] It is also within the present invention that the inventive compound may be designed such as to be an antisense 
oligonucleotide according to the second and third antisense oligonucleotide generation as described herein. 
[0064] Basically, the use of nucleic acids such as polynucleotides forthe construction of the functional oligonucleotide 
is known in the art as well as their use for therapeutic and non-therapeutic purposes. For illustration purposes but not 
for limiting purposes it is referred to the following publications in relation to the use of antisense oligonucleotides the 
disclosure of which is incorporated herein by reference (Genasense (Genta Inc). Baneri.ee D., CurrOpin Imestig Dwgs. 
2001 Apr;2(4):574-80; N KC, Wallis AE, Lee CH , De Menezes DL, Sartor J, Dragowska WH, Mayer ID.. Effects of Bcl- 
2 modulation with G3139 antisense oligonucleotide on human breast cancer cells are independent of inherent Bcl-2 
protein expression. Breast Cancer Res Treat 2000 Oct;63(3):199-212; Schlagbauer-Wadl H. Klosner G, Heere-Ress 
E Watering S. Moll I, Wolff K. Pehamberger H, Jansen B., Bcl-2 antisense oligonucleotides (G3139) inhibit Merkel 
cell carcinoma growth in SCID mice, J Invest Dermatol. 2000 Apr.1 14(4)725-30; Cotter FE., Antisense therapy of 
hematologic malignancies. Semin Hematol. 1999 Oct;36(4 Suppl 6):9-14; Tamm I. Dorken B. Hartmann G.. Antisense 
therapy in oncology: new hope for an old idea?, Lancet 2001 Aug 11 ;358(9280):489-97; Yuen AR. Halsey J, Fisher 
GA Holmlund JT, Geary RS. Kwoh TJ. Dorr A. Sikic Bl.. Phase l study of an antisense oligonucleotide to protein kinase 
C-alpha (ISIS 3521/CGP 64128A) in patients with cancer. Clin Cancer Res. 1999 Nov;5(11):3357-63; Nemunaits J. 
Holmlund JT, Kraynak M, Richards D, Bruce J, Ognoskie N, Kwoh TJ. Geary R. Dorr A. Von Hoff D. Eckhardt SG 
Phase I evaluation of ISIS 3521 . an antisense oligodeoxynucleotide to protein kinase C-alpha. in patients with advanced 
cancer, J Cffn Oncol. 1999 Nov;17(11):3586-95; McKay RA, Miraglia U, Cummins LL, Owens SR, Sasmor H. Dean 
NM Characterization of a potent and specific class of antisense oligonucleotide inhibitor of human protein kinase C- 
alpha expression, JBiolChem. 1999 Jan 15;274(3):1 715-22; Dennis JU, Dean NM, Bennett CF, Griffith JW, Lang CM, 
Welch DR , Human melanoma metastasis is inhibited following ex vivo treatment with an antisense oligonucleotide to 
protein kinase C-alpha, Cancer Lett. 1998 Jun 5;12B(1):65-70; Dean N, McKay R. Miraglia L, Howard R, Cooper S, 
Giddings J. Nicklin P, Meister L, Ziel R. Geiger T, Muller M, Fabbro D., Inhibition of growth of human tumor cell lines 
in nude mice by an antisense of oligonucleotide inhibitor of protein kinase C-alpha expression, Cancer Res. 1 996 Aug 
1 -56(1 5):3499-507; Dean NM, McKay R. , Inhibition of protein kinase C-alpha expression in mice after systemic admin- 
istration of phosphorothioate antisense oligodeoxynucleotides, Proc Natl Acad Sci USA 1 994 Nov 22;91 (24):1 1762-6). 
[0065] Functional oligonucleotides as disclosed and used according to the present invention may also be nbozymes. 
Ribozymes, their design and general use are known to the one skilled in the art and described, e.g., in Methods m 
Molecular Medicine, Vol 11: Therapeutic Applications of Ribozymes, edited by Kevin J. Scanlon. copyright Humana 
Press Inc., Totowa, New Jersey, 1 998; more particularly the chapters Methods for Treating HIV by Gene Therapy using 
an Anti-HIV Type 1 Ribozyme by Eric M. Poeschla. Mang Yu. Mark C. Leavitt, and Flossie Wong-Staal; Hammerhead 
Ribozyme-Mediated Cleavage ofHepatits B Virus RNA by Fritz von Weizsacker, Hubert E. Blum, and Jack R. Wands; 
Tissue-Specific Delivery of an AnV-Hras Ribozyme against Malignant Melanoma by Tsukasa Ohkawa and Mohammed 
Kashani-Sabet; Anthc-erb-B-2 Ribozyme for Breast Cancerby Toshiya Suzuki, Lisa D. Curcio, Jerry Tsai. and Moham- 
med Kashani-Sabet; Ribozyme-Mediated Inhibition of Cell ProBferatlon: A Model for Identifying and Refining a Thera- 
peutic Ribozyme by Thale C. Jarvis. Dennis Macejak, and Larrz Couture; and Ribozyme-Mediated Downregulation of 
Gene Expression in Transgenic Mice by Shimon Efrat. 

[0066] Functional oligonucleotides as disclosed and used according to the present invention may also be RNAi. 
RNAi. Its design and general use are known to the one skilled in the art and described, e.g., in WO 00/44895 und WO 
01/75164. 

[0067] The basic structure of the functional oligonucleotides and compounds according to the present invention ana 
more particularly the antisense oligonucleotide(s) as used in connection with the methods according to the present 
invention are, among others, described in US patent US 5.849,902 (Arrow, A. et al.) issued on December 15, 1998 
and USpatent US 5.989,912 (Arrow, A. et al.) issued on November23, 1 999. These antisense oligonucleotides typically 
hybridise to and inhibit the function of nucleic acid such as an RNA, typically a messenger RNA. by activating RNase 
H. RNase H is activated by both phosphodiester and phosphorothioate-linked DNA. However, phosphodiester-linked 
DNA is rapidly degraded by cellular nucleases and, with the exception of the phosphorothioate-linked DNA, nuclease 
resistant, non-naturally occurring DNA derivatives do not activate RNase H when hybridised to RNA. In other words, 
antisense polynucleotides are effective only in a DNA/RNA hybrid complex. 

[0068] Chimeric antisense oligonucleotides which may be used in the methods according to the present invention 
have a short stretch of phosphorothioate DNA (3 to 9 bases). A minimum of 3 DNA bases is required for activation of 
bacterial RNase H and a minimum of 5 bases is required for mammalian RNase H activation. In these chimeric oligo- 
nucleotides there is a central region that forms a substrate for RNase H that is flanked by hybridising "arms" compnsed 
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of modified nucleotides that do not form substrates for RNase H. The hybridising arms of the chimeric oligonucleotides 
may be modified such as by Z-O-methyl or 2-fluoro. Alternative approaches used methylphosphonate or pnospho- 
ramidate linkages in said arms. Further embodiments of the antisense oligonucleotide useful in the practice of the 
invention are P-methoxyoligonucleotides, partial P-methoxyoligodeoxyribonucleotides or P-methoxyol.gonucleot.des. 
100691 Of particular relevance and usefulness f orthe present invention are those antisense oligonucleotides as more 
Particularly described in the above two mentioned US patents. These oligonucleotides contain no natural y occurring 
ff-*3'-Bnked nucleotides. Rather the oligonucleotides have two types of nucleotides: 2'-deoxyphosphoroth oate, which 
activate RNase H, and 2'-modified nucleotides, which do not. The linkages between the 2'-modified nucleotides can 
be phosphodiesters, phosphorothloate or P-ethoxyphosphodiester. Activation of RNase H is accomplished by a con- 
tiguous RNase H-activating region, which contains belween 3 and 5 2'-deoxyphosphorothioate nucleotides to activate 
bacterial RNase H and between 5 and 1 0 2'- deoxyphosphorothioate nucleotides to activate eucaryotic and, particutoriy, 
mammalian RNase H. Protection from degradation is accomplished by making the 5" and 3 1 terminal bases highly 

nuclease resistant and, optionally, by placing a 3' terminal blocking group. 

[00701 More particularly, the antisense oligonucleotide comprises a 5' terminus and a 3 terminus; and from 1 to 59 
5'->3'-linked nucleotides Independently selected from the group consisting of 2"-modified phosphodiester nucleotides 
and 2'-modifled P-alkyloxyphosphotriester nucleotides; and wherein the 5'-terminal nucleoside Is attached to an RNase 
H-activating region of between three and ten contiguous phosphorothioate-llnked deoxyribonucleotides, and wherein 
the 3'-terminus of said oligonucleotide is drawn from the group consisting of an inverted deoxyribonucleot.de a con- 
tiguous stretch of one to three phosphorothloate 2'-modified ribonucleotides, a biotin group and a P-alkyloxyphospho- 

mo?n " AteTanantlsense oligonucleotide may be used wherein not the 5" terminal nucleoside is attached to an RNase 
H-activating region but the 3 1 terminal nucleoside as specified above. Also, the 5term.nus is drawn from the particular 
arouD rather than the 3' terminus of said oligonucleotide. 

r00721 Suitable and useful antisense oligonucleotides are also those comprising a 5" terminal RNase H actuating 
region and having between 5 and 10 contiguous deoxyphosphorothioate nucleotides; between 11 1 to 59 contiguous 
5" Vlinked^-methoxyribonucleotides; and an exonuclease blocking group present at the 3' end of the , oligonucleotide 
that is drawn from the group consisting of a non-B'-S'-phosphodiester-linked nucleotide, from one to three contiguous 
5'-3'-linked modified nucleotides and a non-nucleotide chemical blocking group. 
r0073] Two classes of particularly preferred antisense oligonucleotides can be characterized as follows: 
00741 The first class of antisense oligonucleotides, also referred to herein as second generation of antisense oligo- 
nucleotides, comprises a total of 23 nucleotides comprising in 5' -* 3' direction a stretch of seven 2^0-metiiylrtoonu- 
cleotides, a stretch of nine 2'-deoxyribonucleotides, a stretch of six ^-O-methylribonucleotides and a 3 -terminal 2 - 
deoxyribonucleotide. From the first group of seven 2'-0-methylribonucleotides the firstfour are phosphorothloate finked 
whereas the subsequent four 2-0-methylribonucleotides are phosphodiester linked. Also, there is a phosphodiester 
linkage between the last, i. e. the most 3"-terminal end of the 2'-0-methylribonucleotides and the first nucleotide of the 
stretch consisting of nine ^-deoxyribonucleotides. All of the 2'-deoxyribonucleotides are phosphorothloate linked. A 
phosphorothioate linkage is also present between the last, I. e. the most 3'-terminal 2'-deoxynucleot ide and *e firs 
2-0-methylribonudeotide of the subsequent stretch consisting of six ^-O-methylnbonucleotides. From the group of 
six r-O-methylribonucleotides the first four of them, again in 5 1 -> 3' direction, are phosphodiester linked, whereas the 
last three of them, conesponding to positions 20 to 22 are phosphorothioate linked. The last, i. e. terminal 3 -terminal 
2'-deoxynucleotide is linked to the last, i. e. most 3"-terminal 2'O-methylribonucleotide through a phosphorothioate 

[00751 ' This first class may also be described by reference to the following schematic structure: 
RRRnnnnNNNNNNNN NnnnRRRN. Hereby, R indicates phosphorothioate linked 2-O-methyl ribonucleotides (A G, 
U, C); n stands for2'-0-methyl ribonucleotides (A, G, U. C); N represents phosphorothioate linked deoxyribonucleotides 

[ootV' The second class of particularly preferred antisense oligonucleotides, also referred to herein as third gener- 
ation (of) antisense oligonucleotides, also comprises a total of 1 7 to 23 nucleotides with the following basic structure 

[OOTtT ^Ts^rminal end there is an inverted abasic nucleotide which is a structure suitable to confer resistance 
against exonuclease activity and, e. g., described in WO 99/54459. This inverted abasic is linked to a stretch of five to 
seven 2'-0-methylribonucleotides which are phosphodiester linked. Following this stretch of five to seven 2 -O-meth- 
ylribonucleotides there is a stretch of seven to nine ^-deoxyribonucleotides all of which are phosphorothioa e l.nked 
The linkage between the last, I. e. the most 3'-terminal 2'-0-methylribonucleotide and the first 2'-deoxynucleot.de of 
the r-deoxynucleotide comprising stretch occurs via a phosphodiester linkage. Adjacent to the stretch of seven rtc » nme 
2-deoxynucleotides a stretch consistent of five to seven 2'-0-methylribonucleotides is connected. The last 2 ^eoxy- 
nucleotide is linked to the first 2'-0-methylribonucleotide of the latter mentioned stretch consisting of five to seven 2 - 
O-methylribonucleotides occurs via a phosphorothioate linkage. The stretch of five to seven 2'-0-methylnbonucleot,des 
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are phosphodiester linked. At the 3'-terminal end of the second stretch of five to seven 2'-0-methylribonucleotide an- 

S h 07;r™s d s^n C d "iCalso be described by reference to the following schematic structure: (GeneBlocs rep- 
resenting the 3rd generation of antisense oligonucleotides have also the following schemata structure:) cap-fn^N^, 
STISJ Z nnnnnnnNNNNMNNNNnnnnnnn-cap. Hereby, cap represents inverted deoxy abasics or •mtomodfr 
colons 'at both ends; n stands for 2'-0-methyl ribonucleotides (A, G, U, C); N represente Pho^horoth oate-lmked 
deoxyribonucleotides (A G, T, C); x represents an integer from 5 to 7; y represents an integer from 7 to 9. and z 

integers x, y and z may be chosen independently from each other although ft te 
pref erred that x and z are the same in a given antisense oligonucleotide. Accordingly, the o lowing basic designs or 
structures of the antisense oligonucleotides of the third generation can be as follows: cap-f^N^ Vs^. | C ^V» 
(NJTtnArcap. cap^N^n^-cap, cap-tn^M^n^-cap, cap-ln^N^n^-cap ^^Jfjf 
captnlkw caMnpMN^-cap, cap-(np) 5 (N s)7 (n p ) 6 -cap 

(n vJap ^n^^ap. caMn p ) 5 (N s ) 8 (n p ) 6 -cap, cap-^N^s-cap, cap-^)^ n^-cap, 
Kj SISp captn p ) 6 (N s )9(n P )6^ap. cap-^MN^n^-cap, cap-^N^Vcap, cap-^N^ 

(N Wn J,-cap, cap-(n n ) 6 (N s ) 9 (n D ) r cap and cap-(n p ) 7 (N s ) 9 (n p ) 7 -cap. 

DOM] ^ to thepresent invention may be used for therapeutic purposes as well as 

non-therapeutic purposes. Therapeutic purposes may comprise, among others, the use °" h e impound oi ' *™ " 
position containing such compoundforthemanufactureofamedicament In viewofthem 

according to the present invention any disease, diseased condition or indication may be addressed where modifeabon 
of the expression of a coding sequence, either directly or indirectly, may affect said disease or oonMon. A further 
therapeutic use may be the use of the compound according to the present invention for d.agnostic purposes or for the 
manufacture of a diagnostic agent. The organism subject to the administration of such rom P™ d m ^^^ 
diagnostic agent, as well as the organism subject to respective treatment and diagnostic methods, may be selectea 
from the group comprising mice, rats, sheep, goat, dogs, cats, cattle, horses, monkeys and humans. 
[00811 The compound and compositions containing the same according to the present invention may be formu ated 
in any form known to the one skilled in the art of pharmacy. Such compositions and formulations may be ^ad^tered 
in a number of ways depending upon whether local or systemic treatment is desired and upon the way they ^are to be 
treated. Administration may be topical (including ophthalmic and to mucous membranes including vagma and rectal 
delivery), pulmonary, e.g., by inhalation or insufflation of powders or aerosols, including by nebulizer; intratracheal, 
intranasal ^pidenS and transdermal), oral or parenterai. Parenteral administration indudesinfrav^ 
subcutaneous, intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., intrathecal or intrayentr cula 
administration. Oligonucleotides with at least one ^-O-methoxyethyl modification are believed to be particularly useful 

for oral administration. . , . . . . __ t _ hoc 

[00821 Pharmaceutical compositions and formulations for topical administration may include transdermal patches. 

ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders Conventional ' Pj a ^^ c ^ 
riers, aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. Coated condoms, gloves 

and the like may also be useful. i., 

[00831 Compositions and formulations for oral administration include powders or granules, suspensions or solutions 
in water or non-aqueous media, capsules, sachets or tablets. Thickeners, flavoring agents, diluents, emulsifiers, dis- 
persing aids or binders may be desirable. 

[00841 Compositions and formulations for parenteral, intrathecal or intraventricular administration may include stenle 
aqueous solutions which may also contain buffers, diluents and other suitable additives such as but not limited to, 
penetration enhancers, carrier compounds and other pharmaceutical^ acceptable carriers or excipients. 
[00851 Pharmaceutical compositions of the present invention include, but are not limited to, solutions, emulsions, 
and liposome-containing formulations. These compositions may be generated from a variety of components that in- 
clude, but are not limited to, preformed liquids, self-emulsifying solids and self-emulsifying semisolids 
[00861 The pharmaceuticalformulations of the present invention, which may conveniently be presented in unit dosage 
form may be prepared according to conventional techniques well known in the pharmaceutical industry Such tech- 
niques include the step of bringing into association the active ingredients with the pharmaceutical carner(s) or excipient 
(s) In general, the formulations are prepared by uniformly and intimately bringing into association the active ingredients 
with liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the product. ... 
[0087] For the compounds according to the present invention preferred examples of pharmaceutical^ acceptaDie 
salts include but are not limited to (a) salts formed with cations such as sodium, potassium, ammonium, magnesium 
calcium, polyamines such as spermine and spenmidine. etc.; (b) acid addition salts formed with . morgan .cadds, for 
example hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the ke; 
with organic acids such as. for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumanc acia. 
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g ,uconic acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic ac£ 

acid, naphthaienesulfonic acid, methanesulfonic acid, p-toluenesulfomc acid "PjJJ^~«i to*., 
turonic Z*. and the .ike; and (d) sate formed from elemental u*mw* ^^^7^0. anaiyses, 
[0088] Non-therapeutic use of the inventive compounds may, ^Xs^Js J^Z compound according to 
arget validation and screening for compounds having an opposite or ^ ™£ * of smal , mote . 

the present invention. Preferably such screening is directed to selecting small ^J^^SioItnd target 
cules. It is particularly within the present invention to use the invents compounds for the target validation 

identification methods as disclosed herein. „» searc h aaents and kits. Preferably, 

[0089] A further non-therapeutic use of the inventive compounds « ^^^^k^wMO^ or diluent, 
suchkftc^prisesatleastonecompo^ 

[0090] The present invention is also based on the surprising finding ^* n ^ r ^ uction or 

whfch allowfor the specific or selective reduction of mRNA "^.^S^^^^^ the 
knock down of mRNA coding for tumor suppressors) altows A or ft. delved in 

tumor suppressors) is actually linked and thus for the .dentrf.cat.on and* - wAHton «JJJ suppressots 
said pathways. As will be described in more detail below and . . also known "-^^^J^ Bcl2. 
such as, a/, PTEN, Smad 3, SHIP 2 and p53 P 16lnk4a, p14Arf P 27 p21 ^^^^^^^ 
caveolin , VHL, menin, Cpan, DAP kinase, are actually invoked in a ^^rtaTartl^ All these elements 
both upstream and downstream elements or effectors taking tumor as a M A 

maythusbe investigated under conditions where me tumor suppressor s)on^^ 
levLoratdecreasedleve.s.Acond rt ionwherethetumorsuppressor(s)^ 

taken as a reference against which the pathway or the reaction of the ^ r ^^^^ mm t0 one skilled 
regarded as a usual control condition although other control condiUons may easily be generated as known 

^r'such control condfcions can be untreated cells or cells which have been treated 

LerL functional oligonucleotides that do not affect the level <>^ u ™^^^^ 

tional oligonucleotide having a randomised nucleic ac.d sequence (GBC), mismatch oligos 

otide against unrelated targets. . ~ f un ctional polynucle- 

[0092] It is to be noted that the aforementioned advantages resu^ "J^V^J^^ mor e particularly 

otides..nsofarantisenseo.igonuc.eotides,ribozymesandRNA^ 

■ In a target validation process where a suppressor such as a tumor vaHdation meth od which 

» described herein . ™otaetfltir rancer induced by loss of tumor 

[0093] Also, the Identification and/or validation of dru 9 tar 9 etes ff^ tne present 

suppressor function, is possible Using the technical teaching of he present hwenton. It ^ 
invention that the various compounds described herein for target validation may Vindicate pro- 

Accordinoly a tumor sample may be examined for expression of a specified gene sequence ftereoy to p 

o £S»J£L* spread (diagnostic markers (e.g. indicate ^^^X^!^ fe re,ated 
[0094] A further most prefened field where the various aspects of the present ™X^£!EL*+ linke d to 
to genes which are differentially expressed in normal versus cancer cells and function 
thedteease. To identify the pathologically relevant effector m0, ^'^^ S ^ Zd uXrecisely 
such as, e.g.. PTEN mutation, it is critical that gene expression P^^^^^^ rele vant paft- 

.5 controlled conditions. In this view experimental conditions are required that ^^^^^^ mole c U ,.. 
way in a way that ensures the functional connection of the identified target ™J3£^ diagnosis 

Using this novel approach drug targets and/or diagnostic markers can be identified that are specie tne g 
SorVreatment of patients wSh suppressor, more particular* tumor suppressor wnich „ 

ss aparellelbrenchorfurtheru^ 
^ss^uca^ 

tt do^eam effectors which specifically act in the probative arm of responses, but not, e.g., in insulin signalhng. 
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inhibition of insuiin signalling is iikely to induce unwanted diabetic responses ^TS^JSKSi 
solved bv usina a functional oligonucleotide^) which inhibit the express.on of candidate targets in order -to »« 

ZSZZSZ&i mSL by functional oligonucleotides, the high* regulated pathways involving any U££>> 
SZTSSltady be targeted excluding any possible interference of the genetic background of the ^ockoirt 

Sa^radC^ 

is not viable and die in utero. On the other hand, hemizygous knockouts st.ll have a comparatively W J» 

ScaVno such redundant genes, at least not generated in the early ^^IS^^^S^ 

SS to the present invention, as compared to knockout animal. 

Es in the fact mat only by using functional oligonucleotide(s) such as the ones accordmg to the present .nvention 

lay only act a's such in specific, defined systems. More particular* ^^?J^"J^^SS3S 

™J££ZZ£ ears. This means that the respective cells are without the ^^o^ 

funcL of the tumor suppressor® for some time. In case of PTEN the lack of this ^eckpo nt . s hta V to Je the 

Sifcr the devetopment into a malignant and invasive tumor from an eari.er more benign state < JDunng tt» 

is a tremendous need to elucidate the early events causing tumorgenesis and the genesis of other aeeases or p 
ologlcaTcondLs. This need can now be satisfied by the methods and the compounds according to the present 

nSTn is to be acknowledged that the above-mentioned advantages are not limited only to those cases where the 

contioT* ^conifions In this view experimental conditions are required that modulate the patholog.cally relevant ^h- 
wayTn ?«% ^SZwm the functional connection of the identified target genes and the tumor ^pressor module 
n PTEM This kind of experimental conditions may be realized by the methods according to the present invention 

to further aitemative known in the art to identify and/or validate a target m ^^.^^ S 
moiPn,.i efi Bv usina said small molecules it is not possible to define and, more importantly to change the extent or ine 

PTEN resDectivelv Such a small molecule inhibitor known In the art is, e. g., LY294002. LYZ90Q04 ^ * ^ y > 
S5S ' one of several chromone derivative sma« » 
oratories (Indianapolte) as an inhibitorfor PI 3-kinase (Vlahos et al. 1994, ^^^^^^^^ 
subunft of the PI 3-kinase molecule, p110. and functions by ZZ^ZZS^*™ 
contrast to the invariable binding affinity of the small molecule .nhibitor the use ofMOMN . he anti . 

. for the adaptation of the binding affinity by modifying the nucleic acid, i.e. typically the mHMAtafrg part of the ant, 
sense oligonucleotide. This binding part or binding domain may actually be designed so » tohybndM ^« ~£ 
number ofmRNAsthusailowingforaquant^^ 

and mRNA doses and of mRNA copy number effects, respective*, in connection wrth the particular painw y 
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in that it also inhibits other members of the family of PI 3-Kinase nomuiuy* au 

which appear to function in DNA repair processes. * oec ffic and inartificial access 

SSSS^JSS-S. invention are tous ^ * KSS » P-nce. absence 

[0103] As used herein expression ^ tem ^^ e ^^ 

or destruction may actually be monitored or detected. TJe term expressly JtaSSLSi as defined herein. Such ex- 
which may be used for dispiaying or detecting the action of f unci ^J^^JJl^ either a bacteriai 

dogs, apes and humans. eno Mftr for a oartteular. i.e. targeted nucleic acid, 

[01% As used herein, a 

such as, e.g., ^ 6 ^°2^^^T^\XZ targeted nucleic acid and, at ieast to a certain 
transfection conditions such as described in example 1 herein te > saio « g expression may result from 

degree, results in a decreased expressior , o the ^^^^^^^Z.^te 
blocking the access of the translation machinery o the express on s " cn Qther mecnanism . 

due to the RNase H activity directed to the mRNA/-ant.sense J™^^ according 
[0105] in a preferred embodiment of the methods fortheidentfflcatton patnogen ic mech- 

o represent invention the target which is to be identified and/or ^f^^^^^uppress^ 
anismofadiseasesora-paW 

is either directly or indirectly involved, preferably whereby this pathogenic mechanism compns 

Cdlon, a» and any of ft. diseases where a tumor suppressor is actual* invoked may provide a target 

which is to be identified using the method s accordin ^ JJ^^SlX the methods according to the present 
) [01 07] Other pathways and thus targets to be Identified and validated utfngi processes may 
nvenion may also be those involved in any biological P;^^ the above- 

form part of some conditions or diseases. Insofar * is *e inventive methods 

mentioned diseases and conditions may provide a biolog^l ^^^^Sh as the ones mentioned in 
and, vice versa, any of the biological mechanisms involving Wj^W"™ ™ * jden% and validate 
s the following, may be part of a disease or condWon ™^ 

targets involved therein. The biological processes in which the target te ^TP™"?T , e apoptosis Educed upon 
are: proliferation, cell survival, migration, apoptosis. stress signalling, metastasis, ano.kis, .. e. apoptosis 

cell detachment and signalling general processes a-pathogenic • condition 

inhibitor or a tumor suppressor. sunDressorfs) either the way that 

[0109] The methods according to the present invention may be elated to tumor y 

« L target itself Is a tumor suppressor or that the pathway t ^^^^^^^^^r 0 ce 6 Z 
the tumor supp^or or me pamway is preferably interacting in any ^ 

mentioned herein. Various aspects of tumor suppressors are descnbed tjj^^^ t() be ac ^ owied ged 
Tumor suppressors as used herein may be landscapers. gatekeepers or ca retaken^ aithougn 
that a particular tumor suppressor may fall into two or even all ^^^ff^lLmm polyposis coli (APC) 
50 [01 1 0] The -gatekeeper" concept was initially proposed to "^^^"JJJS vogelstein (Kienzler, 
Lorsuppressor gene which is invariably mutated early in ^XT^^X^^ suppVessor to 
K. W .; Vogelstein, B.; Science 1996. 260: 1036 - 1037) qHlMM -SJEotoTS promoting differentiation), 
include all direct inhibitors of cell growth (suppression proliferation, ^^^^^^J^ -progression 
T^e»gatekeeper-classoftumorsuppressor(genes)canbefurthersubdef.nedas init.at.on gatekeepers , prog 

55 gatekeepers" or "metastasis gatekeepers". ^...^ « m _ smiled "caretakers" or "land- 

[0111] in conclusion, "gatekeeper tumor suppressors are b ^ fl ^ 

scapers" by the fact that first, their loss of function •^^^^^ ^ Jon to tumo?cells suppresses 
second, they act directly to prevent tumor growth and third, restonng gatekeeper" function 
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roilTlt is within the skills of the one of the art that the inventive methods may be applied 
yZonichSn^ 

used Bv these changes different elements of the pathway may be addressed and the relationship betweenin e va 

or any ottier means to identify/validate a target is well-known to the one stated in the ^JJ^^^^Tznd Ed 
^uiL forthis comprise RT-PCR (Sambrook, Fritsch, Maniatis. Mooter Cloning - f JJjSS**^ 
1989. Cold Spring Harbor Laboratory Press). DNA-microchip-arrays (Schena £ 

of gene expression patterns with a complementary DNA microarray. Science 270. 467-470) and Western blot ana* 
raiTsr^eriihXor the identification and validation of a target wherein the target is part of a tumor suppressor 

known in the art. Some preferred tumor suppressors are p53. SmadS, SHIP2. and PTEN 9 _ 12) . 

Balint E E. Vousden KH. Actuation and activities of the P 53 tumour su PP res ^^ 

1813-1 823 The D53 tumour suppressor protein inhibits malignant progression by mediating cell cycle arresi OTi 

of ceLar stress activate p53 by inhibiting the ^-mediated degradation of p^ MM p53, « 

the oathwavs that allow activation of p53. seem to be a general feature of all cancers. Baint et al. ^review rewni 

^^S^m^ of the pathways that regulate p53 and the pathways that are .nduced by P 53. as well 

as their implications for cancer therapy. mtim m a ii a n npnes as revealed 

[01 16] Smad3 is. e.g.. described in Weinstein M, Yang X. Deng C. Protein Functions ol tnammaB Mgn» «veauw 
by targeted gene disruption in mice. Cytokine Growth Factor Rev. 2000 Mar-Jun;11 (1-2):49-58. The Smad genes 

the intracellular mediators of TGF-beta signals. . . . . *w— ...n^n. of this imDortant aene 

[0117] Targeted mutagenesis in mice has yielded valuable new insights into the ^ on * 
family These experiments have shown that Smad2 and Smad4 are needed for gast rulation ^^^S^ 
and Smad3 for establishment of the mucosal immune response and proper development ^e skeleton -I""™ 
mle experiments have shown the importance of gene dosage in this family, as s f era1 ^^^^^ 
oinsuffictency phenotypes. These include gastmlation and craniofacial defects for Smad2 ^^^^ 
for Smad3. and the incidence of gastric cancer for Smad4. Combrnatorial genet.cs has also revealed functions 

Smads in left/right isomerism and liver development. n „ mn i n u i iu i Ware MD, 

[0118] SHIP2 is, e.g. . described in Huber M, Helgason CD, Damen JE. Sche.d M, Duronio , V . Uu L Ware 
. Humphries RK, Krystal G. The role of SHIP in growth factor induced signalling Prog B !°P^°^^^ 

423 34 The recently cloned, hemopoietic-specific. src homology 2 (SH2)-conta.nlng inositol phosphatase .SHIP , .s 

has been shown both in vitro and in vivo to hydrolyze the 5" phosphate from phosphat.dyl.nositol-3 ^^^wsph J» 
(pT-3 4 5^P3°^hus SH IP, and its more widely expressed counterpart. SHIP2, could play a centra, role in determining 

a tumor ^SSS^SS, upstream effectors may be growth factors and cytokines. "^^^^SE 
and^toLs which may be addressed by the methods according to the present invention include but are not Hmrted 
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to EGF VEGF PDGF FGF and TGFbeta. Other upstream effectors are insulin, IGF, CSF, IL-2, IL-3, IL-4. IL-6 and IL-7. 
[01201* EGFis, e.g.", described in Prenzel N, Fischer OM. Strait S, Hart S, Ullrich A. The epidermal growth factor 
receptorfamlly as a central elementf or cellular signal transduction and diversification. Endocr Relat Cancer 2001 Man 
8(1)11-31. Homeostasis of multicellular organisms is critically dependent on the correct interpretation of the plethora 
o Signals which cells are exposed to during their.lifespan. Various solublef actors regulate the activation state of cenular 
receptors which are coupled to a complex signal transduction network that ultimately generates signate defining the 
required biological response. The epidermal growth factor receptor (EGFR) family of ^P to ^?l«Z 0 .SS 
sents both key regulators of normal cellular development as well as critical players In a variety o1 T»athophysio ogical 
phenomena. Since the EGFR and HER2 were recently identified as critical players in the transduction o 4"* ** 
variety of cell surface receptors, such as G-proteln-coupled receptors and integrins, a present special focus is the 
mechanisms and significance of the interconnectivity between heterologous signalling systems 
[01211 VEGF is. e.g., described in Connolly DT. Vascular permeability factor a unique regulator of blood vessel 

unction J Cell Biochem. 1991 Nov;47(3):219-23. Vascular permeability factor (VPF). also known as vascular endotoe- 

Solfactor(VEGF),isa P otentpo,ypept^ 

in endothelium, including hyperpermeability, endothelial cell growth, ang^enesis, and 

VPF regulates the expression of tissue factor and the glucose transporter. All of the endothehal cell res P onse J^ F 
are evidently mediated by high affinfty cell surface receptors. Thus, endothelial cells have a unique ^ spec- 
trum of responses to VPF. Since each of the responses of endothelial cells to VPF are also el.c«ted by 
as bFGF, TNF, histamine and others, it remains a major challenge to determine how post-receptor signalling pathways 
maintain both specificity and redundancy in cellular responses to various agonists 

TO1221 PDGF is, e.g., described in Westermark B, Heldin CH, Nister M. Platelet-denved growth factor in human 

alioma Glia 1995Nov'l5(3):257-63. Platelet-derived growth factor (PDGF) is a 30 kDa protein consisting of disulfide- 

ooXl d me* tfA^d B-chains. PDGF receptors are of two types, alpha- and t-ta-recepto- ^ 

of the proteintyrosine kinase family of receptors. The receptors are activated by ligand-induced J-J? 

the receptors become phosphorylated on tyrosine residues. These form attachment srtes for signalling molecules 

IfcSl actJ^heRas^Raf pathway. PDGF has important functions In d - e,0 P™^ 

orooer timing of oligodendrocyte differentiation. The v-sis oncogene of sim.an sarcoma virus (SSV) is a retroviral ho 

Zog Se B^hafn gene, adduces transformation by an autocrine activation of PDGF receptors atthe ce» surface. 

SSvLuces malignant glioma in experimental animals, suggesting a rolefor autocrine PDGF in 

PDGF and PDGF receptors are frequently coexpressed in human glioma cell lines. Specific and "onspecrfic PDGF 

antagonists block the growth of some glioma cell lines in vitro and in vivo, suggesting that « e r ^ 

intransformationandtumorigenesis.lns^^^ 

cells of high-grade tumors. In a few cases, overexpression is caused by receptor amplifica alioma 
cells also express the PDGF A-chain, an autocrine activation of the alpha-receptor may drive the proliferation of gl.oma 

min TdgF is also described by Khachigian LM, Chesterman CN. Platelet-derived growth factor and alternative 
splicing: a review. Pathology. 1992 Oct;24(4)280-90. According to Khachigian et al. the mitogens and ^"lotact'C 
potency of plateiet-derived growth factor (PDGF) has linked this polypeptide to the ^*™*<* Z s ^et7e 
stotes including atheroscterosis and neoplasia. In addition to platelets, several normal ^ <"^/^J£ 
mitogen in one or more of three possible dimeric configurations. Alternative splicing of exon 6 in PDGF JrctanHHA 
resutts in the formation of two protein species with different arboxy-termini. Inrtialry it was 
chain variant was processed only by transformed cells. However, recent evidence indicates that alternative sphc ng 
occurs in several cells which express the A-chain, including early Xenopus embryos. The funrt.onal s.gnrf.cance of the 
exon 6 product, a highly basicTegion spanned by 18 amino acid residues (A1 94-211 ) .s "^ J^^ 
findings are summarized which implicate roles for A1 94-211 in the processing, secretion, and mttogenesls of the A 
chain homodimer, nuclear transport signalling, and heparin binding. Thus, alternative splicing ^^J^o^ 
role in the modulation of the functional properties of the PDGF A-chain variants per se and in the complex Interactive 
network of polypeptide growth factors and cytokines. „, , . . 

[01241 FGF is. e.g.. described in Dickson C. Spencer-Dene B. Dillon C. Fantl V. Tyrosine! Wnase s'gnal ""9 ^breast 
L ncer: fibroblast growthfactors andtheir receptors. Breast Cancer Res. 

[Fgfs (murine). FGFs (human)] constitute a large famiy of ligands that signal through a class of cell-surface tyrosine 
Lase receptors. Fgf signalling has been associated in vitro with cellular dmerentiation ^^S^SZ 
togenic responses. In vivo. Fgfs are critical for animal development, and some have potent angiogenic Parties 
Several Fgfs have been identified as oncogenes in murine mammary cancer, where their deregulation is associated 
with proviral insertions of the mouse mammary tumour virus (MMTV). Thus, in some mammary tumours of MMTV _ 
infected mouse strains, integration of viral genomic DNA into the somatic DMA of mammary "J^* 
to have caused the inappropriate expression of members of this family of growth factors. Although ««M of 
human breast cancers has shown an altered expression of FGFs or of their receptors in some tumours, their role .n 
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th*» ratisation of breast disease is unclear and remains controversial. 

raiS TGFbeta Ts e a described in Topper JN. TGF-beta in the cardiovascular system: molecular mechansms of 
a col eJS^fegro^ i££ ^ Trends Sdlovasc Med. 2000 Apr10(3):132-7. Review. Transforming growth factor 

b^ftheCo^^ 

of pathophys^ologrprocesses including chronic vascular diseases such as atherosclerosis ^pertensh One of 
the haSrks of this class of growth factors is the diverse nature of their actions; a characteristic that is tought to 
tfseSom to f acttot the effects of these facto* are very dependent upon the particuiar cellular contemn Wh,ch they 
Z rT^rlV* T been substantial progress in understanding the molecular signalling mechanisms utilized by these 
C^SIT" beginning'toprovide a mechanistic framework wrth which to understand the complex and 

pleiotropic actions of these factors on cells and tissues of the rfT^SlELi . Pn 3-klnase oathway which 
roi2B1 PTEN is anothertumor suppressor which is involved in the phosphatidylinositol (PI) 3-Wnase patnway wncn 

^been?^^ 

SS SSoSZ; Roy-s. O. angers, ^i^^^ 
nases in tumor progression. Eur J Biochem 268, 487-498). The tumor suppressor I™ *n*aMM n«Mno 
ulatorof PI 3-kinaseby reversing to PI 3-klnase-catalyzed reaction andthereby ensures that actvat.cn of the pathway 
occurs in a transient and controlled fashion (Fig. 1 ). ltrtr tft tIim . 

£S£ A chronic activation of the PI 3-kinase pathway through loss of PTEN function is f^^JJ^ 
orlqenesis and metastasis indicating that this tumor suppressor represents an importart checkpoirfl ^~ n ™°° 
celfpXaL. PTEN knock out cells show similar characteristics as cells in which the PI 3-kmase P^hasb^en 
chronically induced via activated forms of Pi 3-kinase (Di Cnstofano, A., Pesce, B. Oorto^&md MAP. 
P. (1 998). Ren is essential for embryonic development and tumour suppress**.. Nat Genet 19, *"*JW 
pinh Jo M A Wachowicz M S , Apell, G.. Brown, T. W., Giedlin, M. A., Kavanaugh, W. M. and Williams, L. T. 

acterfetic of oncogenic transformation. Mol Cell Biol 1 8, 5699-5711 . Kobayashi, M., Nagata, S., lwas ak. T., Yanag mm, 
TSm a! TSSS V- Ihara, S. and Fukui, Y. (1999). Dedifferentiate of adenocarcinomas by activation of phos- 
phatidylinositol 3-kinase. Proc Natl Acad Sci USA 96, 4B74-4879. allftWR thu S to overcome 
?012bY The use of the methods as disclosed herein for inhibiting the tumor suppressor PTEN 
She limitations arising from the use of knockout models. PTEN knock out m,ce generated by ^ htonton^ 
not viable and die in utero ( Di Cnstofano, A., Pesce, B., Cordon-Cardo, Oand Pa«,RR (1808). Pten immm 
for embryonic development and tumour suppression. Nat Genet 1 9, 348-355; Suzuk,, A.^e la Pompa J J"^™kT 
V Elia A J Sasaki T del Barco Barrantes, I., Ho, A., Wakeham, A., We. A., Khoo, W., Fukumoto, M. and wiaK , i. 
W ( 998^ H'ih^ersusc^bility and embryonic lethality associated with mutation of the PTEN tumor suppler 
~ h mte cu7bw 8 1169-1178 • Podsypanina, K., Ellenson, L H-, Nemes, A., Gu, J., Tamura, M., Yamada, K. 
9 M Jrdo^ar ^ SS p E. and Parsons, R. (1999). Mutation of ^^^^ 
neopTasIa in multiple organ systems. Proc Nati Acad Sc. USA 96, 1563-1568.) 
which are difficult to generate and do not allow for a higher degree of knockdown £htoQ£m«d m 
viable and develop tumors in various organs. The fact that these rn.ee having haff the regular level of PTEN I protem 
exhlbtt a high susceptibilrty for developing tumors suggests that inhibition of ™ «j«J^f » A«r more as 
possible using the methods as disclosed herein, will cause a strong action of the PI 22&2S3 
Resulting in enhanced metastatic growth potential. This induced increase in metastatic behav.orton allows the detailed 

!a?e Ige "mors (Cantiey, L C. and Neel, B. G. (1999). New insights into tumor ^2,5 
tumor formation by restraining the phosphoinositide 3-kinase/AKT pathway. Proc Nati Acad Sci USA « 
Ali I U (2000). Gatekeeperfor endometrium: the PTEN tumor suppressor gene. J Natl Cancer Inst 92, 861 b^lw 
rf PTCN correlates with increased aggressive and invasive behavior of the respective tumor cells. Using the methods 

K is possible to m^ic to loss of PTEN Action in » ^ "*£ = nces 

- by inhibiting gene expression in an induced fashion. Additionally, the methods accordmg ^^^T^T^ 
for to identification and validation of drug targets and/or diagnostic markers that are specific for to diagnosis and/or 
treatment of patients with PTEN negative cancers (and/or other tumor suppressors) |dentiflcation and /or 

[0130] Another advantage of the methods according to the present invention « to allow the ideation an* 
validation of a target which is linked to the metastatic effects involving or relating to loss of ™*f*™£^ 

5 oHhese downstream targets (representing effectors) of the PI 3-kinase/PTEN pathway J* 
regulatory molecules responsible for mediating the metastatic phenotype of cells that have lost PTEN function^ n . » 
mpoSto target this particular fraction of effector molecules selectively, because targ^wh«h art °n P«W 
E I further upstream in this signalling cascade are likely to cause unwanted effects. This .s due to the fact that 
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the PI 3-kinase/PTEN pathway not on.y regulates cell proliferation and ^ « £ £££ ££££ 
gration, intracel.u.artratf.oking and insulin signalling. Therefore « is 
speoifically act in the proliferative arm of responses, U required for invasive oel. 

^ZS!E?+a» PTEN is involved in several pathways which are abo f^^^r 
^ysiucLthe PI3K/PTEN pathway, the Akt pathway, the ^-^^^ 

[0132] A PTEN related pathway b factually any pathway wh.ch involves PTEN etthe «m y 
may act etther as an inhibL or as an activator in such a pathway, or ft may as ^"^^22?*- 
of a pathway. The same definition applies according** nr%^^ ^at^^^^^^*^* ^^^sj^^^^^^^ either 
ways' Hence, a tumor suppressor related pathway b am. ^.^2?^^^ or an 
directly or indirectly. Said tumor suppressor may act in such a pathway either as a reguiaior 

activator, or it may as such be regulated by other l^^o PTEN and are thus deemed as PTEN 

[01331 There is ample of prior art describing d.seases and conditions (involving ' ™ ^ be addressed by 

reLed pathways in ft. meaning of this description^ Any of ft^e con J^^^J^^ cancer! 
the inventive methods. For reasons of illustration but not limitation it is referred ™ ~ cowden's syn- 

co.orectal carcinomas, gliomas, endometrial cancers, adenocarcinomas ^^^^^^^TZbZ^ 
drome, hereditary non-poiyposis coloreota. carcinoma. "f™^ 

cer (AH, I. U.. Journal of the National Cancer Institute Vol. 92. "ol H^Junj dh^ h- 

Zonana syndrome, LDD (Lhermftte-Duklos' ^*™%^ e ?±'^ ^^Zeo^ZL (e. g. trichilem- 

KT* > a downstream target of - g[ Z&XXSSS^ 

amino terminus. PH domains are a conserved protein-lip dom can of 
i proteins. The PH domain of Akt can bind with high affinity to PI 3 4) P 2 and ^ 3 ^^ 

AW from the cytosol to the plasma membrane and a '^p^^i^jQ^ render tihetarget subsfrates inactive, 

proteins on serine and threonine residues. The majors of these pho^ 

Akt seems to potentiate cell survival in a number of systems by inh.brt.ng substrates such as BAD, oaspas 

, £lT^ee^^^ 

and has been linked to invasive cell growth and transformation. This .ndud on ' » J^rtn. 

processes such as the pp70 S6 kinase dependent entry into the cell cycle. mTOR ff^^^^"^^^ 
an^lavallab^^ 

is inhibited by the bacterial macrolide rapamycin which blocks growth of T-cells and certain tumor ce.. K 

Schreiber 1 999, Chemistry & Biology 6, R1 29-R1 36). omhnHiments and conditions recited in 

.5 [0136] It b within the present invention that all of the P^^*"^ also 
connection with any specific tumor suppressor are also apphcab to for anyoft. ^^^^Z present 
to the oarticular groups of patients whose condition may be mimicked by using the methods "nramg I » h 
"SSSSSZ provided appropriate mode, for an effective ^ de — 
[0137] Themethodsaccordingtothepresentinventionarealsousefunn^ 

so of tumor suppressors and thus allow for mimicking the early stages after loss of sue tumo "PJJJ^ s0 
solving the Ze course of the generation of a tumor ^ d « he ^ by 
the direct as well as indirect molecular changes may be identified and *^***2£Ed * * e P racticing ° f 
earlier methods which only analysed and compared the ™ ou effects or 

the methods according to the present invention is unbiased and ^^^^^°^ ore> A does not 

55 induce chromosomal instabilities since it is induced and the resulting oh £T idenSficafion of a defined 
have the typical problems of endpoint studies as ^" ed /^^ tumors. The 

subset of direct and indirect downstream effectors specific for PTEN '^^^^^ pna se of the 
direct effectors are likely to represent the most relevant target molecules, s.nce they act in the p 
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7^°oT=^ 

„ £„uL>J Irgaed ouoteic «* k ao»a* Mooted to, tmn«lp«on o, ^ Ze^dlZrc 

compounds are tested in succession in the screening system. Due to the add-on of J n 2™"^^ u 3decreased in 
Expression system the moiecuie against which the functional 1 X £S*& Sitno longer 

» rts concentration or its bioavailability. Due to this reduced presence or activtfy fts f f^^^^Z tne % 
exerted so that, for example in the case of PTEN, there is no longer an nnNrton. ^^^^^ £ 
and downregulation, respectively, of other compounds or elements of the pathway in which fte tumor supp 
Tolved which would normally not be absent or present, respectively. Therefore target 

™e expression system and Li accessible to the screening process to whteh they * "^^J^ 

« detected by this particular approach, in fact, a prerequisite for targetmg all possible 
on^severaloft^nnaybeaccomplish^ 

[0142] The present Invention is further illustrated by the figures and examples, wherein 

Fig 1 shows some metabolic pathways leading to a change in gene 
so purpose as well as a pathway resulting in survival of the cell all stamng from the binding of a growth factor 

(e.g. PDGF, EGF, insulin). 
Fig. 2 shows the regulation of PI 3-kinase activity; 
55 Rg. 3 shows a Western blot analysis using different antisense oligonucleotides and monitoring the generation 

ofP^kt; 

Fig. 4 shows a Western blot analysis investigating the impact of changes in the mRNA binding part of the anti- 
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sense oligonucleotide; 

Rq 5 shows a Western blot analysis of an experiment where two different antisense oligonucleotides were used 
together with further compounds, namely DMSO (D), Ly294002 (Ly) and PD98059 (PD) being an inhibitor 
for MEK- 1/2 kinase; 

Fig 6 shows a Western blot analysis of an experiment wherein different human cell lines (Hela and PC-3) were 
exposed to antisense oligonucleotide PTEN 53 and a control antisense oligonucleotide (GBC); 

Fig. 7 A shows a flow diagram illustrating the pathway leading to apoptosis; and 

Fig. 7 B shows a Western blot analysis of an experiment designedtomonitorthe impact of PTEN directed antisense 
oligonucleotides on UV-induced apoptosis; 

Fig. B A shows basically the same metabolic pathway as displayed in Fig. 7 A; and 

Fig. 8 B shows the Western blot analysis of an experiment designed to monitor the impact of PTEN directed anti- 
sense oligonucleotides TNF induced apoptosis; 

Fig. 9 shows an oveiview of signalling and phenotypic changes induced aftertumor suppression knocked down 
by PTEN directed antisense oligonucleotides, and more particularly, 

Fig. 9 A shows the schematic pathway involving PDGF-R with PTEN inhibiting PI-3K activity; 
Fig. 9 B shows the immunoblot analysis; and 
Fig. 9 C shows the phenotypic analysis; 

Fig. 1 0 A shows a Western immunoblot analysis comparing the effect of PTEN 48 using chemically different anti- 
sense oligonucleotides; 

Fig. 1 0B shows micrographs of cells treated with said different antisense oligonucleotides; 

Fig. 11 A shows the incorporation of BrdU by cells treated with various antisense molecules as a measure forthe 
entry into the S phase; 

Fig. 11 B shows the ratio of PTEN/actin RNA in transfected cells treated with various antisense molecules as a 
measure forthe specific inhibition of mRNA expression; 

Fig. 1 2 shows the Western Blot analysis result of an experiment where the impact of antisense molecule induced 
inhibition of PTEN expression on UV-induced apoptosis was studied; 

Fig. 13 shows the stimulated growth of HeLa cells on matrigel upon antisense molecule knock down of PTEN 
expression; 

Fig. 14 shows the Western Blot analysis result of an experiment where the impact of antisense molecules inter- 
fering with p1 10 expression on signalling induced by endogenous or recombinant PI 3-kinase; 

Fig. 1 5 shows the positions of antisense molecules relative to intron-exon boundaries of JAK-1 mRNA; 

Fig. 1 6 shows JAK-1 mRNA knock down relative to actin mRNA; 

Fig. 1 7 shows the basic structure of the third generation antisense molecule; 

Fig 1 8 shows a Western Blot analysis result of an experiment where the impact of RNAi specific for PTEN on 
PTEN expression was compared to the impact of an antisense oligonucleotide specific for PTEN on PTfcN 
expression; 
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Fig. 1 9 shows the dose response of RN Ai specific for PTEN; 

Fig.20 showstheWesternBlotanalysisresultofthefunctionalknockdownoftumorsuppressorSm 
oligonulceotides modulating signal transduction; 

Fig. 21 shows the Western Blot analysis result of the functional knock down of tumor suppressor p1 6INK4a by 
antisense oligonulceotides modulating signal transduction; and 

Fig. 22 shows the Western Blot analysis result of the functional knock down of tumor suppressor SHIP2 by antisense 
oligonulceotides modulating signal transduction; 

[01431 Fig. 1 shows some metabolic pathways leading to a change in gene expression and inhibitors for that 
Ee as well as a pathway, all starting from the binding of a growth factor resuming in -^J^*JE 
paLays illustrated may be grouped eitherwith regard to the final biotogical P^^^^^S 
a common key molecule (PIK3 and Akt, respectively). Gene express™ may be modfled ^J^^^T^ W £™ 
maTbe inhibL by the use of Caveolin and PD98059 both acting on MEK-1/2 an '^portant lanase n the cRAS 
Sallfng pathway An alternative pathway resulting in a change of gene expression involves PI-3IC The PI-3K pathway 
S SL one involving Akt, the other one not involving Akt. However, both pathways ^pass *rou^ 
O70S6K which mav be inhibited by rapamycin. Akt itself is also involved in a different pathway related to the survival 
IIE^mSSEZ It Jbe'take'nfrom Fig. 1 that PTEN is actualiy an inhibitor reducing P.3 k,nase acuity 
in an expression system. LY 294002 is a small molecule also acting as an inhibitor to P ™\ 
[0144] As mentioned above, PTEN may be targeted by the functional oligonucleotides ^^JS. ttl 
antisense oligonucleotides, ribozymes and/or RNAi. By inhibiting the inhibitory effect of PTEN the elements of he 
X^wh^ PTEN is involved^ be either up regulated or down regulated so that upon deferential display of the 
respective compounds conclusions can be drawn on further targets involved in the respective pathway. 
uISS Ftaw 2 shows the regulation of PI 3-kinase activity upon growth factor induction and a parallel s.gnalmg 
pathtay.Sf factor stimuiatL of cells leads to activation of their cognate receptors at ti* cefl . 
in turn associate wrfh and activate intracellular signaling molecules such as PI 3-k.nase. Activation of PI 3-tanase 
consTstiS of a regulatory P 85 and a catalytic p110 subunft) results in activation of Akt by P**™^ 

cellular responses such as proliferation, survival or migration further downstream. PTEN interfere MPI 
3-kinase mediated downstream responses and ensures that activation of the pathway occurs transiently. Chione hy- 
JZSZ^^W is caused by functional inactivation of PTEN. P. 3-kinase actMy 
by addition of the small molecule inhibitor LY294002. The activity and downstream responses of the s,gnal.ng kinase 
MEK which acts in a parallel pathway, can be inhibited by the small molecule ir.hib.tor ^059. 
[01 46] Fig. 3 shows a Western blot analysis of an experiment corresponding to the .SK? 
nvent ion. A total of three drfferent antisense oligonucleotides, also referred to^geneblocs h^n,name^N4^ 
PTEN 57 and PTEN 53 were transfected into ratembryo fibroblast cell line together with a negative control comprising 
aTando^ed sequence (aiso referred to herein as GBC). More particular* ^^^1^^^^ 
with 1 5 or 30 nM of the three drfferent PTEN specific Geneblocs 4B, 57 and 53 and with GBC After 48 h cells were 
harvested and the ceil extracts were analyzed by immunoblotting for the relative protein 

ohorvlated Akt (P*-Akt) and PTEN as indicated on the right. All three antisense oligonucleotides were active such that 
PTEN tas ^Vno longer present after administration of the antisense oligonucleotides to the express.* . system. 
Due to thwack ofL inhibitor to P.3K, name* PTEN, the unopposed P.-3K activrfy resumed 
Accordingly, phosphorylated Akt could be detected upon usage of all three antisense oligo nucl eotides 
negative coi (GBC) did not result in generation of phosphorylated Akt As expected, undergo confrol condWons 
the PTEN mRNA was ranslated into the active PTEN inhibiting PI-3K activity and thus preventing ge neration f phos 
ohon, ated Akt Fig 3 also shows that all three antisense oligonucleotides were active. The concentration dependency 
ofthe— o^ 

by further experiments. The most powerful antisense oligonucleotide among said three antisense oligonucleotides was 
PTEN 53. P110 was used as a marker to reflect the loading of each of the lanes. 

[0147] Fig. 4 shows a Western blot analysis investigating the impact of changes in the mRNA b finding part _of the 
anie oligonucleotide. In the corresponding experiment PTEN 53 was used as the antisense ^gonucleobde and 
a tota! of four mismatches were introduced to the particular sequence with the total length of PTB I 57 _be ng 23 
nucleotides. Again, GBC was used as a negative control. The sequence of the "T^^^Sd? 
BucucauuvJc^sT^sWcucacgaB (SEQ ID No. 33) with B representing an tnverte d abas* ^ucteot £ 
In addition an antisense oligonucleotide was prepared specific for the mRNA of lucrferase .nhibfcng luaferase 
expression in cells engineered to express the recombinant firefly gene. The respective lane on the Western blot is 
des gna ed » W. The same experiment was carried out using either 30 nM or 60 nM antisense ol.gonucleot.de. As 
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n^dened h conned*. w.n fig. 3, P110 sen,., as an 

Western Blot that only the addition ol PTEN 53 (desgnated in lanes V and4as 53 ) -esuneo P p ^ 

used together with further compounds, namely DMSO (D), L ^ 9 ™.^ y ' O i ia0 nucleotide PTEN 53 In com- 

MEK-1/2 kinase. More particular*, the first test was earned out usmgthe '^^^ff^SL^ against PTEN 
bination either with DMSO, LY or PD.The same "P^^^SJ? ^SSJv SY1 ceils on 10 cm 
mRNA, and using GBC as defined above as a ^^T^^^S^S'ab h. 30 min before 
plates were transfected in triplicates with 30 nM o % ' M inhibitor PD98059 (PD) or with 

lysis the cells were treated with 1 0 uM PI 3-k.na*e HMBW ^mMMK* ^ ^ 

the vehicle DMSO (D). The positions of P 110, P^ h ^'f * ^ 
PD98059 mediated inhibilion of MAP ^ 

data entails that the Akt phosphorylation induced by knockdown of PTEN express.on depen 
STW 6 shows a Western blot analysis of an experiment 

were exposed to antisense oligonucleotide PTEN 53 and to a c^*"" ££55! %SEL 1 0 cm plates, 
larly. Hela ceils (380.000 cells/plate) and PC-3 ceiis (45 °^ or « Tbe cel. extracts 

Each cell line was treated for 48 h in duplicate samples with 30 of GeneBoc w rf 
were analyzed by immunobiotting for the relate amount of P 0. ^^J^^^Son of tie secondary 
on the right. The band which migrates just above the PTEN ^^^V^ administration of PTEN 53 as 
antibody It can be taken from Fig. 6 that in case of Hela celte f^^J^^^k and in the generation 

Activation of the PI3K pathway interferes with caspase.med.ated ^^^^^^ Western blot 

by the presence of cleaved Caspase 3. . . intpr f er es with TNF-induced apoptosis. 

[0151] Fig. 8 A shows a schematic diagram indicating that ^^^^ e f ^^ a this 
Fig. 8B shows a Western Blot in which Hela cells were treated ^^^S^M^i "P™ of the 

experiment, cleaved PARP is indicative of apopt os« .Lane 4 < "J^J^^cl*^ 
o PTEN specific antisense oligonucleotide the phosphorylated form of Akt was generaieo ana 

PC was accordingly reduced. i„„u„„„ oc inriiired after tumor suppression knocked 

[0152J Fig. 9 A shows an overview of signalling and P hen0 ^ ,c i c ^ anges ^r PTEN inhibiting Pl- 

down by P?EN specflc antisense oiigonucieotides. More P**'^ of 
3K activity is shown which would normally phosphorylate Akt ^J^^SStiUL anLis of an experiment 
» HeLa celte as a model system for PTEN ^ cells. Fig. 9 B ^^^^^ nucSotide designated as 
studying the influence of PTEN specific ^sense oligonudeot^ or ^^^^Vspeciflc antisense 
mismatch GeneBlocTM. PTEN is only present in the «^^^JLte^ in^ve of induction 
cligonucleotides are used. The successful knockdown of PTEN M J^SJ^^ the cells in matrigel. 
of me signalling pathway. The phenotypic analysis as illustrated in Fig. 9 C £ Km 9<^™ tfeated ^ 

50 Gmwth on matrigel is used as a surrogate in 9 9 c7ave a significant growth 

PTEN third generation antisense oligonucleotide ("PTEN GeneBlocTM") shown in Pig. so na 

^ZlZZZX ST shows tee intptoved ehen^ 0, tee Z ££. 
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and in the formation ol the phosphetylahefl tonr . ot Att_ kmMalm ar «J its bielegieal eonsequencee can 

may be taken. 

Example 1: Materials and methods 

indicated differently. . yoqaoo? PD98059 and aphidicolin 

[0157] Reagents. 4-Hydroxytamoxifen (4-OHT) was purchased from Sigma. LY294002, hubbub h 

were obtained from Calbiochem. . M Q7( -* Rflt ce n r. ne 3Y1 

Ce» culture. SY1 rat embryo ttorobiaata (KJnura G, hagak, A£d Sun™* J c „ 

2 mM L-g.utamine, Earte's BSS, 1 mM sodiurn , pyj* 0.1 ^n^^amino ad ds 1^ ^ 
aentamvcin (50 ag/ml) and amphotericin (50 ng/ml). PC-3 cells were cuuureu r 

SSli; '•*•—* — ( ^;rr^.^t^n^t^ 9 «e^c^enie 
10159] Trararectionawerecardedou^ te , ^r, 

antisense molecules, were transfected by adding pre-formed 5x concentrated c ° m P e * 0 ' ^ „ 8 and 10 

concentration is indicated in each expenment. transfection of 4 iig of a 

ScT:x«1=^^^ 

selective medium. , m wore stimulated with 200 nM 4-OHT in dimethylsul- 

( [0161] Pools of stably transfected HeLa cells in growth medium » *™« ^ITof LY294002 or PD98059 was 
foxide (DMSO) or with DMSO at 37'C for 20 h. In experiment in t e effect J^^^JJL were 
analyzed, the reagents were added in DMSO at 10 ug/ml or 50 ug/ml 30 min to 1 h before lysis, oonxr 

mock treated with DMSO. Qntihftf H, U3A and the murine monoclonal anti-pB5 antibody 

[0162] Antibodies. The murine monoclonal anti-p1 10 antibody U3A andthe ' nwnne intera ^ tion o1 small 

> FIA have been described (Klippel, A., Escobedo, J. A H rano, M. «M ^. T ^The STcell Biol 14, 
domains between the subunits of J*?*"*^^ 

2675-2685. Rabbit polyclonal anti-Akt and anti-phospho Akt (S473) antibodies were™-, 

nology. The murine monoclonal anti-PTEN antibody was from Santa Cruz «°^no^. p| 3 . k , nasei 

[0163] Ptasmlds and GeneBlocs. A vector expressing an W^^J h VJ?^ ^ M 
s Has been -"J-*** ^~^-SSS^^ - ^ 

en^^ 

further modified by addition of an IRES sequence followed by the coding region for WrawmB pnosp 

^rr^rrrrnr^ 

olioonucleotldee conesponds te the one et the third generation ol ennsenee olisonucleondea. 



55 



PTEN 48 



guccuuuCCCAGCTTTacaguga (SEQ ID No. 34) 
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PTEN 52 



cuggaucAGAGTCAGTgguguca (SEQ ID No. 35) 



PTEN 53 



ucuc 



cuuTTGTTTCTGcuaacga (SEQ ID No. 36) 



PTEN 57 



mm PTEN 52 



ugccacu 



GGTCTGTAAuccaggt ((SEQ ID No. 37) 



cuggaugAGACTGAGTgcuguca (SEQ ID No. 38) 



mm PTEN 53 



ucucauuTTCTTTGTGcucac ga (SEQ ID No. 39) 



Luciferase 



pi lOalpha 79 



pllOalpha 82 



p!10beta88 



pllObeta 93 



mm pi lOalpha 79 



cagaaugTAGCCATCCauccuug (SEQ ID No. 40 
acuccaaAGCCTCTTGcucaguu (SEQ ID No. 41) 



uaccai 



caCTGCTGAACcagucaa (SEQ ID No. 42) 



caaauuc 



CAGTGGTTCauuccaa (SEQ ID No. 43) 



ggcuaacTTCATCTTCcuuccca (SEQ ID No. 44) 



acu 



gcaaACCCTGTTGcucacuu (SEQ ID No. 45) 



mm 

pllOalpha 93 



ggcuaagTTCTTCATCcuugcca (SEQ 



ID No. 46) 



GBC 



nnnnIUlnNNNNN^^^n^InImnrln 



m Syndeses of M type of nucleic - — - ^Ttl^^^T^^. 
Thompson, J., Be.ge*nan L McSw,ggen X ^f^d moS^th novel chemical compositions capabie of 
T., Haeberii, P., and Matu ^^^^^^^ .nternationa. Patent, Ribozyme Pharmaceuti- 
modulating gene expression. World ,nt « l, ^. P :^ 9 U g jefly ^ generat ion of antisense oligonucleotides have 
cals inc., international Publication Number, WO 99«4459^ ^ ^ ^ ^ 

the following schematic structure: cap-(n^(N) 7 Jn)„ cap.™ , y ^ H repres ents phosphorothioate linked 
— onsatbo^ * ^ 

deoxyribonucleohdes (A, G , T, C > a ™^ 

underlined. GBC is composed of random 2 -O-metnyl ^ " ' . mo)ecutes have the schematic structure: 
nucieofldes. GeneBloc. ^ se ^ ^^^^ 

RRRnnnnNNNNNNNNNnnnRRRN. ^^J| qJ^^p^ 8 ^ phosphorothioate linked deoxyribonucleotides 
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zamidine, 1 mM sodium vanadate, 25 mM p-g.ycerol phosphate, 50 mM NaF ^^^^^ 

bycentrifugationat14.000xgfor5m^^^ 

bLng: Samples were separated by SDS-PAGE and ^ 

were blocked inTBSTbuffer (1 0 mM Tris-HCI (pH 7.5), 150 mM NaCI. ^^J^rtlmirW. dilutions. Bound 
azide) containing 5% (wWol) dried milk. The respective antibod.es ^^^^^^^^0^ 
antibody was detected using anti-mouse- or ™«- rabb ^^ 

ries, BD) in TBST, washed, and developed using the SuperS,gnal West Dura (Pierce) or ECL (Amersham, 
minescence substrates. incorporation of bromodeoxyurldine. 3Y1 cells plated 

detected by measuring the absorbance at 405 nM and 490 nM ^^J^J 1 ^ RNA o1 cel|s transfec ted 
[0168] Determination of the relative amounts 0, ^ R ^ TnhfcWon of PTEN 

in 96-wells was isolated and purified us.ng the Invisorb RNA UTS 96 krt ( InVrtek £mmi. d caccgccaaatt . 

SS=SSSS=S=== 

and 1 mln at 60°C. 



25 



30 



35 



40 



45 



50 



55 



and 1 mln at 60'C. transfected with GeneBlocs or treated with 200 nM 

[0169] Assaying cell growth on matrlgel. HeLa ceiis were » ™* _ pre<oa ted 

4-OHT for 48h After trypsinization the cells were seeded into dupl.ca e 24-well s 0 0£000^ cens _PJ«« ^ 
IS 250 pi matrige. (Becton Dickinson). After continuing the transfechon or ^^^^^^^ 
tographs were taken at 5x magnffication wfth an T^SSTbSSLl membrane 

Proc Natl Acad Sci USA 89, 9064-9068.) 

Example 2: Improved antlsense molecules allow to study the knock down of gene expression in normally 
proliferating cells 

[0170] As depicted in Fig. 1 0 B cells treated w«h the third generation antisense d^losed herein , con- 
tinued to grow and reached approximately 70 % confluence with few apoptottc ^ J^£"^^^ 0 £r 
the 2nd generation antisense molecules barely grew and many rounded apoptouc cete were v.stole atter 48 h. o 
generates of antisense molecules are notorious for inducing cell cycle arrest or ^^°^^^Z 
the third generation antisense oligonucleotides as disclosed herein allow for the very first t.me a target val.dat.on 

X Zn~ KitSS— aliowed for a signet knock down of PTEN 
%2L 5 proteinTea. of p 1 0, the catafytfc subunK of P.3-kinase, serve as tog , -ntjoUo ensure mat the input 
signal of the pathway was not affected. PTEN functions as negative regu ^ * e ^^^ ln klnase ), a 

eoue, loadine ot tola! protein amounts .ho level o. FTO( and Pno=P"o*h W^on^rodeoedjn a* 
PTEN expression wihout interfering with cell proliferation. 

Example 3: Cells treated with antisense molecules exhibit a normal entry into S phase 
[0173] To study the knock down of gene expression and its effects £ c*is whtoh 

cycle, it is essential to use antisense reagents and transf ection conditions that do not arrest cells the w p 
even impose toxicity. 
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[01741 The results of respective experiments are described in Fig. 11 A and 11 B. 

[01 751 3Y1 cells were used, because these untransf ormed rat fibroblasts are very sensitive to transf ection conditons 
andareproneto arrest or even undergo apoptosis.Subconfluent3Y1 cells in9B wells were treated with PTENGeneBoc 
48 GeneBloc 53 or GBC as a control. On day 2 the cells were synchronized in low serum. During days 3 and 4 the 
ceils were released into the cell cycle by serum stimulation at various time points. BrdU was added for the last 2h of 
incubation. Untreated cells and cells that were treated with Aphidicolin for 24 h were used as controls. RNA knock 
down was analyzed in parallel samples. The rate of synthesis was determined via the amount of incorporated BrdU. 
Figure 3A shows a similar time course for the rate of DNA synthesis in each set of samples: All celte showed a strong 
increase in DNA synthesis after 1 8h with a plateau at approximately 25h. Unsynchronized cells exhibited a comparable 
rate of DNA synthesis, whereas the DNA synthesis in the Aphidicolin treated samples was strongly inhibited due to an 
arrest in the G1 phase of the cell cycle. Under these conditions PTEN mRNA levels remained deregulated (Fig. 11 
B). This indicates that under the conditions used knock down of gene expression can be studied in cells which enter 
the cell cycle normally and continue to proliferate. 

Example 4: Phosphorylation of AW is specifically Induced in response to down regulation of PTEN expression 

[0176] In the past studies using antisense molecules have suffered from the lack of a sufficient number of sutofcte 
controls and the lack of reproducibility. Therefore, the intention was to make sure that actuation of the PI 3-k.nase 
pathway in the system disclosed herein is truly dependent on reduced PTEN function after treatment with third gener- 
ation antisense molecules (GeneBlocs). Since hyperactivation of the pathway is caused by loss of the inhtotor PTEN 
more than one third generation antisense molecule (GeneBloc) reducing PTEN expression of at least 50A can be 
expected to cause an increase in Akt phosphorylation. 3Y1 rat fibroblasts were treated with 15 and 30 nM of PTEN 
GeneBlocs 48, 53. 57 orwith GBC. After 4Bh the cells had undergone several divisions, which allowedforthe detection 
of reduced PTEN protein expression and activation of its effector, Akt. Cell extracts were analyzed by immunoblotting 
25 forthe protein levels of p110, Akt and PTEN. 
[01771 The results are shown in Fig. 2. 

[01781 As shown in Figure 2 A a decrease in PTEN protein levels correlated with an increase in Akt phosphorylation 
with all three PTEN GeneBlocs. Total Akt protein levels remained unchanged indicating that the activation status of 
Akt was changed. PTEN GeneBloc 53 induced the most efficient knock down in PTEN expression and the strongest 
30 increase in Akt phosphorylation. The reduction in PTEN protein expression inversely correlates with 'ncreased Akt 
phosphorylation in a dose-dependent manner, with a drop in efficiency around 10 nM and below (Fig. 4A and data not 

[0179? To further ensure that Akt phosphorylation is not caused by an artefact or by stress imposed through the 
transfection conditions we tested various negative control third generation antisense molecules (negative control Gene- 

35 Blocs). We analyzed PTEN GeneBloc 53 in comparison to its 4 nucleotide mismatch control (mm), GBC or to a Gene- 
Bloc which successfully inhibits expression of Firefly luciferase (not shown). Firefly luciferase is not endogenous* 
expressed in mammalian cells, therefore a GeneBloctargeting its sequence should have no specif fc effect, rf any. None 
of the three negative control GeneBloc s either reduced the amount of PTEN protein or increasec IAW ■ P^sphorylaton 
even at a concentration as high as 60 nM (Fig. 3 B). By contrast, PTEN GeneBloc 53 inhibited .^ E J^^ si ^" d 

40 caused an increase in Akt phosphorylation. This set of data indicates that only GeneBloc s against PTEN can succes- 
fully interfere with PTEN expression thereby activating downstream effectors of the PI 3-kinase pathway. 

Example 5: Akt phosphorylation induced by third generation antisense molecules-mediated down regulation 
of PTEN expression is dependent on PI3-kinase activation 

[01801 It has been reported that Akt can be activated e.g. in response to stress through PI 3-kinase independent 
mechanisms (Konishi, H., Fujiyoshi, T., Fukui, Y., Matsuzaki, H.. Yamamoto, T. Ono, Y. Andjelkovic, M., Hemmings 
B. A and Kikkawa. U. (1999). Activation of protein kinase B induced by H(2)0(2) and heat shock through distinct 
mechanisms dependent and independent of phosphatidylinositol 3-kinase. J Biochem 126, "^^-M""* -Kogan 

so D., Shalev, N., Wong, M., Mills, G., Yount, G. and Stokoe. D. (1998). Protein kinase B (PKB/Akt) activrty is elevated in 
glioblastoma cells due to mutation of the tumor suppressor PTEN/MMAC. Curr Biol 8. 11 95-11 98.) We therefore in- 
tended to test whetherthe increase in Akt phosphorylation observed after treatment with PTEN GeneBloc s was either 
dependent on the presumed 'input- signal, i.e. PI 3-kinase activity, or caused by stress induced by me respectrve 
GeneBlocs. The results are shown in Fig. 5 3Y1 cells were transfected with PTEN GeneBloc s 53 57 or ^wrtt i GBC 

55 After 48h incubation the cells were treated with the PI 3-kinase inhibitor LY294002, the MEK inhibitor PD9B059, or 
vehicle forthe last 30 min before lysis. The increase in Akt phosphorylation induced by the PTEN GeneBlocs was 
completely abrogated in the presence of LY294002, whereas the MEK inhibitor, or vehicle had no effect (Fig. 4). This 
result suggests that activation of Akt induced after PTEN GeneBloc treatment still depends on PI 3-kinase signalling 
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and on knock down of the PTEN inhibitory function. 

t_» 6: Tkeahnen. with PTEN third generation aniens. — — tote*- Ik UWnduerf 
[01S1, « knock down tf nW expreceion mediated b» IM C^j 

a functional activation of PI 3-kinaw 8ignalling, then Z2 "tr treatment with apoptotic 
with the eSecte ot apoptotic atimuli. Activated Akt ha. ^"^^^Tr Slnot, A. and Greenberg, 

e«mul b, mining prattle n>»£->£ 2^T£££tt?k. G - Su "' X " 

M. E. (1999). Cellular aunrhral: a play in three Akte. Gene, uevi* a . slan al-regulallng Knaae 

Franke, T. F. end Chao, M. V. (2001). Akt phcdphooflaea end I negab™* rgZggZ** ^ uv Inadlahon 
1 . Mdl Cell Bel 21 , 893-901)). it was previous shown that * ^*^J£Sc£»r Mvm , 
and the. thla reaponae can he Inhibited b, ecdvahon ot the " 3 *^™^ ( ^SL I receptor, phoaphatl- 
G., Wippei, A. and Web«. M. ^(19971. **p*£ e,gna ""J^T * *, ^VoeneBloe 
2S2 SST~ - ST- E2Z2£* - * *. praaance - cleaved c«paee 3 which 

caspase 3 signal than control GeneBloc treated cells (F g. 12). The amwCM xww P jn 
with the amount of Akt phosphorylation as demonstrated by which were not 

activating Akt (also compare Fig. 2) and protecting ^^^SSSS^^i experiment suggests 

apoptosis. 

B an V le7:lnh», l0 .n«PTB,e, P ,eee,.nb,« 
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tumor cells 



55 



[0183, The effect of GeneBloc 

of PTEN function in human tumor cells. To this e ^^^ Tmatartadc prostate cancer line which has lost 
potential that still expresses ' P ™« mammalian species, several 

PTEN expression. Due to the fact that PTEN has a h.gh degree mm nom W seque nce. HeLa and PC- 

lead GeneBlocs, I. e. third generation antisense molecules ^ m samples . Afte r 2 days the 
3 cells were treated in parallel with PTEN GeneBloc 53 or .ts >«""h°«^ £2 showed a strong reduction in 
cell extracts were analyzed by Western-blotting. PTEN O^^^^I^^f?^ extent of GeneBloc 
PTEN protein that was associated with a substantial ^^^^^^^^^ ce,te which 
mediated Akt phosphoryfctJon in Hela cete was ~^ ara >!^ on PC-3 cells. 

exhibft a chronically high degree of Akt Pta^SSi ^SSjSSSS^ potential In late stage human 
[01841 Loss of PTEN function has been correlated wrth an increased metastauc growir , P _ fomation 

ca leers (Cantley, L C. and Neel, B. G. (1999). Newinsights ^^^^^SSS^l. U. (2000). 
by restraining the phosphoinositide 3-kinase/AKT pathway Proc "JJ^^J £ ^ \^ on waS 

Gatekeeper HeLaci growth in matrigeL 

to test whether GeneBloc induced reduction in P I tN expression woo Rprker B C Contreras, G. and 

HeLa cells do not easily form metastases in a nude mouse tumor systems. 
Furesz, J. (1985). Heterotransplantation studies with tissue cu torece ^^J*™^ of invasive cel. 
J Biol Stand 13, 13-22); and do not grow well on ™ ^£5!2— h controls. After 4Bh 

types. HeLa cells were transfected with PTEN GeneBlocs 5Z, mm r» cells 

Tcubation to allow for phenotypic activation the oe.^ 

expressing an inducible version of "«-^^^^^ SSSJSTp. 3-kinase pathway and 
on P 110* activity by adding 4-hydroxytamoxrfen " a C ™ After m t0 72n on matri gel photographs 

anchorage ^P^^^ potential to form network sti.ctures 

o^ndg^ 

Z mimick the effects of loss of PTEN tumor suppressor function ,n human tumor cells. 
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Example 8: Third generation antisense mo.ecu.es (GeneBlocs) can effective* interrupt signa. transduction 
induced by endogenous or recombinant PI 3-kinase 

[0185] in the previous examp.es it was shown 

!or activation of signal transduction responses..; was ^^^^^^^rGBneB^Bg^ 
because of the problems using antiser«etechnolog.es mem.oned ^ lnducibte 

thecataVticsubunttofP.3^ 

p110* molecule in addition to endogenous P 110. Most ^ * J^.? treated with two different GeneBlocs 
beta. Therefore, GeneBlocs against both isof orms were targeted ^*2I225 2£n of 40HT after 30h, 
against each isoform or with the respective mismatch controls, p 10 ™J^J^*^£m expression of en- 

and cell extracts were analyzed after 50h. GeneBlocs against ^^/J^^SX S» <F*w 14). 
dogenousptioa^haaswenasthe larger recombinantpliorwh^ 

The inhibition of pHOalpha expression correlat ed wrth ^^^ffiThMl*,'*- 
washypemhosphorylatedinresponsetop^^^^^ 

of Aktwas as efficient as the one °^^ th " ma "^ observed on protein level 

. shows that P 110 GeneBlocs can efficient* block PI 3-kinase dependent signal transduchon. 
Example 9: Use of .ntron sequences for mediating a specific mRNA knock down 

t 0186, As disdosed herein, it has been surprising* found that intron ^^^^^^^ 
s geneitionantisensemo.^ 

molecule treatment including both therapeuhc and "»?r*»£^ 

that the antisense molecules are enteringthe nucleus and both intron and 

[0187] AsshowninFig lB.thirdgenemtiona^ 

exon sequences. GeneBloc 84 (SEC ID No 23), G ^^^^^^ m No. 22). 74 (SEQ 
»o GeneBloc 83 (SEQ ID No. 29) represent .ntron specific GeneB,TO J^f^ S e ^^r G ^ e neBloc 74 (SEQ ID No. 
ID No. 24), 77 (SEQ ID No. 26), 78 (SEQ ID No. 28) are exon specific GBGeneBlocs. GBGenetfloc i 

24) is specific for mRNA overlapping exon 5 and 6. described bv Modi et al. (Modi, 

[O^^epaniculargeneis^ 

B. S. etal.; ^°9 en ^ell^^ 

35 trations (200 nM. 1 00 nM and 50 nM) into PC3 ^(3000 £^">™^ were used as negatiV e 

21 nucleotides as a random sequence and the mismatch PTEN Gene °'^ ™^ „ m A real tlme PC R 

controls. After 24 h incubation the RNA was isolated using a standee £t*£ J^J^^ * JAK-1 specific 
(Taq-Man, AppHed Blosystem) was performed I using a beta -actin amp.^set "^^^ by P beta . 
amplicon set wtth the primers as specified in Fig. 15. The JAK-1 mRNA was quanm 

40 actin. The results are shown in Fig. 1 6. 

Example 10: Use of RNA. for target validation 

[01891 This example proves that RNAi spsdflc to, tumo, sopp-ess.*) such as PTEN, may bs used to efeotlvel, 
sequence: 

so 5'. cuccuuuuguuucugcuaacg-TT (SEQ.K).No 56) 

3 ' -TT-gagg-aaaacaaagacgauugc 



55 [0191] As a contro. a RNAi molecule was generated having several missmatches which is referred to as PTEN non- 
specific RNAi and has the following sequence: 
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5' cucauuuucuuugugcucacg-TT 
3'-TT-gaguaaaagaaacacgagugc 

[01 921 The cells were infected using any of these two constructs according to the methods described herein above. 
[01931 The result of this experiment is depicted in Fig. 18. More particularly. Fig. 18 shows the effect of vanous 
concentrations of PTEN specific RNAi (10 nWI, 2.5 nM. 0.625 nM, and 0.15 nM) on the expression of PTEN andof 
p110 respectively. p1 10 serves an internal control. It may be taken from Fig. 18 that as little as 0.15 nM PTEN specific 
RNAi still efficiently knocks down PTEN mRNA whereas the amount of p110 is factually not influenced. As a posfove 
control an antisense oligonucleotide specific for PTEN referred to as GeneBloc 53 (disclosed above) was also applied 
to the respective expression system at different concentrations (60 nM, 15 nM, 3.75 nM and 0.93 nM). It is to be noted 
that also the use of this antisense oligonucleotide allows for a specific knockdown of PTEN although the antisense 
oligonucleotide requires higher concentrations compared to RNAi in the present example. 

101941 Tofurtherillustratethe impact of RNAi which is specific for PTEN, on the ratio of PTEN to p110 a dose response 
was generated which is shown in Fig . 1 9. From Fig. 1 9 ft may be taken that even at the lowest concentration, . e 0.03 
nM the PTEN specific RNAi still reduces the ratio of PTEN to p11 0 to about one third of the respective control. This 
effect is more pronounced with higher concentrations of RNAi. This is in clear contrast to RNAi which is not specific 
for PTEN This non-specific RNAi exhibits certain mismatches compared to the oligonucleotide sequence of the cor- 
responding PTEN mRNA as may be taken from above. The effect of this negative control is about in the same range 
as observed for those HeLa cells not treated with either PTEN specific RNAi or PTEN non-specific RNAi. 

Example 1 1 : Modulation of signal transduction by functional knock down of tumor suppressor Smad3 using 
antisense oligonucleotides 

[01951 This example shows that third generation antisense oligonucleotide (GeneBloc, GB) mediated knock down 
of Smad3 expression interferes with transforming growth factor (TGF)-p induced dephosphorylation/activation of the 

retinoblastoma cell cycle checkpoint. 

[01961 Smad3 mediates growth inhibitory or differentiation signals induced by TGF-B or activin receptor molecules 
and is a proposed tumor suppressor due to its mutational inactivation In many invasive human tumors. Human kerat- 
inocytes were transfected with three different SMAD3 specific GBs 85, 87 and 89 as well as their corresponding mis- 
match controls. After 24 h cells were synchronized in low serum under continued transfection. After 48 h the cells were 
released into the cell cycle by addition of 10% FCS in the presence (2 ngfrnl) or absence of TGF-B. The cells were 
harvested on day three and the cell extracts were analyzed by immunoblotting for the relative protein amounts of pi 10, 
phosphorylated retinoblastoma (P*-Rb) and Smad3 as Indicated on the right of Fig. 20 representing the resuits of this 

[01OTl' e The level of P 110 did not change and served as loading control. TGF-p treatment resulted in the activation - 
dephosphorylation of Rb protein. In samples in which SmadS levels were downregulated in response to GB treatment 
the TGF-B induced effect on Rb was inhibited, and Rb remained inactive and fully phosphorylated. Rb is the checkpo.nt 
for G1 to S phase transition and itself a tumor suppressor. Chronic inactivation of Rb by phosphorylation or by loss of 
function enhances proliferation and contributes to tumorigenesis. 

Example 12: Modulation of signal transduction by functional knock down of tumor suppressor P 16lnk4a using 
antisense oligonucleotides 

[0198] This example shows that third generation antisense oligonucleotide (GeneBloc, GB) mediated knock down 
of p1 6lnk4a results in increased Rb phosphorylation. * s . ma ^ h 

[01 991 HeLa cells were transfected in quadruplicate samples with a p1 6 specific GB (p1 6 GB 94) or Its mismatch 
derivative. The cells were lysed after 24 h, 32 h, 48 h and 54h, respectively. The cell extracts were analyzed by immu- 
noblotting. The particular reaction conditions were the same as indicated in the other examples related to knock down 
of tumor suppressors. The result of this example is shown in Fig. 21 whereby the positions of p11 0 (loading control), 
phosphorylated Rb(P*-Rb) and p16 are indicated on the right. _ MMr< 
[0200] This example proves that lack of the cyclin-dependent kinase (Cdk) inhibitor p 1 6lnk4a results in increased 

phosphorylation/inactivation of Rb by Cdk molecules. 
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Example 13: Modulation of signal transduction by f uncttonal knock down of tumor suppressor SHIP2 using 
antisense oligonucleotides 

[0201] This example shows that third generation antisense oligonucleotides (GeneBlocs, GBs) cause reduced ex- 
s pression of the phospholipid phosphatase SHIP2 which results in increased PI 3-kinase signalling. 

[02021 SHIP2 is a proposed tumor suppressor that dephosphorylates the PI 3-kinase product PI3.4.5P3 at the 5 
position of the inositol ring, thereby generating PI3,4P 2 . For comparison, PTEN removes the 3' phosphate of the PI 

3-kinase phospholipid products. . 
[02031 Human prostate cells were treated with the SHIP2 specific GBs 45 and 46 as well as their respective mismatch 

10 controls and one additional unrelated mismatch GB. After 72h the cells were lysed and the extracts analysed by West- 
em-blotting. P 85 served as loading control. The particular reaction conditions were the same as Indicated In the other 
examples related to knock down of tumor suppressors. The results are shown in Fig. 22. ^ 
[0204] Samples with reduced amounts of SHIP2 protein exhibit an increased level of phosphorylated Akt. This mdi- 
cates that SHIP2 also functions as negative regulator of PI 3-kinase signalling in these cells similar to PTEN. 

is r02051 The features of the present invention disclosed in the specification, the sequence listing, the claims and/or 
the drawings may both separately and in any combination thereof be material for realizing the invention in vanous 
forms thereof. 
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SEQUENCE LISTING 
<110> atugenAG 

<120> Compounds and methods for the identification and/or validation of a target 

* 

<130> A 19001 EP 
<160> 56 

<170> Patentln version 3.1 

<210> 1 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide HPTEN2120L23 
<220> 

<221> modified.base 
<222> (1)..(7) 

<223> 2'-0-methylated RNA-oligonucleotides and phosphodiester mternucl 
eotide-linked 



<220> 

<221> modifiedjbase 
<222> (17)..(23) 

<223> 2'-0-methylated RNA-oligonucleotides and phosphodiester internucl 
eotide-linked 



<220> 

<221> mlscjeature 

<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 
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<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 1 

ugaacugcta gcctctggau uug 23 

<210> 2 ' 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN2430L23 
<220> 

<221> modified Jrase 
<222> (1)..(7) 

<223> 2*-0-methylated RNA oligonucleotides and phosphodiester intemucl 
eotide-linked 



<220> 

<221> miscjeature 

<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 
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<220> 

<221> miscjeature 

<222> (B)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified.base 
<222> (17)..(23) 

<223> 2'-0-methylated RNA oligonucleotides and phosphodiester internucl 
eotide-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 2 

uggacaacaa gtgtcaaaac ecu 

<210> 3 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN2706L23 
<220> 

<221> modified_base 
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<222> (1)..(7) 

<223> Z-O-methylated RNA-oligonucleotides and phosphodiester internucl 
eotide-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified J>ase 

<222> (17)..(23) 

<223> 2 -O-methylated RNA-oligonucleotides and phosphodiester Internucl 
eotide-linked 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 3 

ggaaacctct cttagccaac ugc 



<210> 4 
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<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN2991L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> Z-O-methylated RNA oligonucleotide and phosphodiester internucle 
otide-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-intemucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified J>ase 
<222> (17)..(23) 

<223> Z-O-methylated RNA oligonucleotide and phosphodiester internucle 
otide-linked 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to a inverted abasic 



<220> 

<221> miscjeature 
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<222> (23)..(23) 

<223> covalentty linked to a inverted abasic 

<400> 4 

uguugcagaa ggttcauucc ugu 23 

<210> 5 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN205L23 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> Z-O methylated RNA-oligonucleotide and phosphodiester-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2-0 methylated RNA-oligonucleotide and phosphodiester-linked 



<220> 
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<221> miscjeature 
<222> (1)..(1) 

<223> covatently (inked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 5 

cuuccgagag gagagaacug age 23 

<210> 6 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN1683L23 
<220> 

<221> modified Jrase 
<222> (1). : (7) 

<223> 2-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 

<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



EP 1 325 955 A1 



<220> 

<221> modifiecLbase 
<222> (17)..(23) 

<223> 2'-0-methylated RNM)ligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 6 

23 

ccacaaactg aggattgcaa guu 



<210> 7 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN2346L23 
<220> 

<221> modified Jrase 
<222> (1)..(7) 

<223> Z-O-methylated RNA oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
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<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> Z-O-methylated RNA oligonucleotides phhosphodiester intemucleot 
ide-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 7 

ucugacacaa tgtcctauug cca 



<210> 8 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide hPTEN1009L23 
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<220> 

<221> modified J5ase 
<222> (1). (7) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleotl 
de-linked 



<220> 

<221> miscjeature 
<222> (8). .(17) 

<223> phosphorothtoate-intemucleotide-linked 



<220> 

<221> miscjeature 

<222> (8). .(16) 

<223> DNA oligonucleotide 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2'O-methylated RNA-oligonucleotides phosphodiester internucleotl 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently finked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently finked to an inverted abasic 



c400> 8 

aaggaggaga gagatggcag aag 
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<210> 9 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN388L23 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 

<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-intemucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2 , -0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to an inverted abasic 
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<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 9 

guccuuuccc agctttacag uga 23 

<210> 10 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN1 1 62L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> 2'-0-methylated RNA-oligonudeotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 

<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> misc_geature 

<222> (8)..(16) 

<223> DNA oligonucleotides 



<220> 

<221> modified Jaase 
<222> (17)..(23) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
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de-linked 



<220> 

<221> miscjeature 
<222> 

<223> covalently linked t oan inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked t oan inverted abasic 



<400> 10 

23 

cuggaucaga gtcagtggug uca 

<210> 11 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN45L23 

V 

<220> 

<221> modified_base 
<222> (1)..(7) 

<223> Z-O-methylated RNA-ofigonucleotides phosphodiester internucleot. 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 
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<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modifiecLbase 
<222> (17)..(23) 

<223> 2'-0-methytated RNA-oligonucleotides phosphodiester intemucleoti 
de-linked 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 11 

ucuccuuttg tttctgcuaa cga 23 

<210> 12 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN1086L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> 2-O-methylated RNA-oligonucleotides phosphodiester intemucleoti 
de-linked 



EP 1 325 955 A1 



<220> 

<221> misc_feature 
<222> (8)..(17) 

<223> phosphorothioate-intemucteotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified J>ase 
<222> (17)..(23) 

<223> Z-O-methylated RN A-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 

<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 12 

ugaacugcta gcctctggau uugt 



<210> 13 
<211> 23 
<212> DNA 

<213> Artificial Sequence 



EP 1 325 955 A1 



<220> 

<223> antisense oligonucleotide rPTEN1190L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> misc_feature 
<222> (8)..(17) 

<223> phosphorothiate-internucleotide linked 



<220> 

<221> mlscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modffied_base 
<222> (17)..(23) 

<223> 2-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



EP 1 325 955 A1 



<400> 13 

ugcugauctt catcaaaagg uuc 23 

<210> 14 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN763L23 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester intemucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester intemucleoti 
de-linked 



<220> 

<221> miscjeature 



EP 1 325 955 A1 



<222> (1)..(1) 

<223> covalently linked to an inverted abasic 
<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 14 

acuuugatgt caccacacac agg 23 

<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN694L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> 2-O-methylated RNA-oligonudeotides phosphodiester intemucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (B)..(16) 

<223> DNA-oligonucleotides 



EP 1 325 955 A1 



<220> 

<221> modifiecLbase 
<222> (17)..(23) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(D 

<223> covalently Unked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalentiy linked to an inverted abasic 



<400> 15 

ugggucctga gttggaggag uag 



<210> 16 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN670L23 
<220> 

<221> modtfied_base 
<222> (1)..(7) 

<223> 2'-0-methylated RNA oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 



EP 1 325 955 A1 



<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified J>ase 
<222> (17)..(23) 

<223> 2*-0-methylated RN A oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 
<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 16 

cuucaccttt agctggcaga cca 23 

<210> 17 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN576L23 



<220> 



EP 1 325 955 A1 



<221> modified J>ase 
<222> (1).-(7) 

<223> 2-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucieotide linked 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 

<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<400> 17 

ugccacuggt ctgtaaucca ggt 



23 



EP 1 325 955 A1 



<210> 18 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN485L23 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester intemucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 
<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2 , -0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 



EP 1 325 955 A1 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220* 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 



<40O 19 

23 

ucgucuucac ttagccauug guc 



<210> 20 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN124L23 
<220> 

<221> modified J>ase 
<222> (1)..(7) 

<223> Z-O-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide linked 



<220> 

<221> miscjeature 



EP 1 325 955 A1 



<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified_base 
<222> (17)..(23) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 20 

gucuuuctgc aggaaauccc aua 

<210> 21 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> antisense oligonucleotide rPTEN+388L23 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> 2-O-methylated RNA-oligonucleotides 



EP 1 325 955 A1 



<220> 

<221> miscjeature 

<222> (B)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified J>ase 
<222> (17)..(23) 

<223> 2'-0-methylated RNA-oIigonucleotides 



<220> 

<221> miscjeature 
<222> (1)..(4) 

<223> phosphorothioate intemucleotide-linked 



<220> 

<221> miscjeature 
<222> (4).. (8) 

<223> phosphodiester-internucleotide-linked 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-internucleotide-llnked 



<220> 

<221> miscjeature 
<222> (17}..(20) 

<223> phosphodiester-internucleotide linked 



<220> 

<221> miscjeature 

<222> (20)..(23) 

<223> phosphorothioate-internucleotide linked 



EP1325 955 A1 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalently linked to an Inverted abasic 



<220> 

<221> miscjeature 
<222> (23)..(23) 

<223> covalently linked to an inverted abasic 
<400> 21 

gsuscscuuu cccagcttta cagsusgsa 

<210> 22 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> GB72 
<400> 22 

ttggagtcct caacacactc a 

<210> 23 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
c220> 

<223> GB84 
<400> 23 

acacctcaat ccatgcttct c 



EP 1 325 955 A1 



10 



15 



<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> GB74 
<400> 24 

atcgcttgta gctgatgtcc t 21 



<210> 25 

20 <211> 21 



25 



30 



40 



45 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> GB86 
<400> 25 

tcctgaaact ctggtgtgtg a 21 



35 <210> 26 

<211> 21 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> GB77 
<400> 26 

tgttgtcctg cttgttaatg c 21 



50 

<210> 27 
<211> 21 
<212> DNA 

55 <213> Artificial Sequence 



EP 1 325 955 A1 



10 



25 



<220> 

<223> GB82 
<400> 27 

aacctgaaac tgtcctgttg g 



<210> 28 
<211> 21 

rs <212> DNA 



<213> Artificial Sequence 



<220> 

20 <223> GB78 



<400> 28 

actgactgct cattgtcgtt g 



21 



21 



<210> 29 
<211> 21 

30 

<212> DNA 



<213> Artificial Sequence 



35 <220> . 

<223> GB83 



40 ccacttgagg aaaaccacac t 



<400> 29 

21 



<210> 30 

45 



<211> 23 
<212> DNA 

<213> Artificial Sequence 



so 

<220> 



<223> oligonucleotide of the amplicon: start: 1185, Tag: UPR 



55 <400> 30 



cagcattaac aagcaggaca aca 23 



EP 1 325 955 A1 



<210> 31 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide of the amplicon: start: 1271, Tag: LWR 
<400> 31 

ccatctacca gggacacaaa gg 22 

<210> 32 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide of the amplicon: start: 1217, Tag: PROBE 
<400> 32 

aactgaagct ctcttcccac gaggaggc 28 

<210> 33 . 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> mismatch oligonucleotide 
<220> 

<221> modified_base 
<222> (1)..(7) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



EP 1 325 955 A1 



<220> 

<221> miscjeature 
<222> (8)..(17) 

<223> phosphorothioate-intemucleotide linked 



<220> 

<221> miscjealure 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> modified Jjase 
<222> (17)..(23) 

<223> 2'-0-methylated RNA-oligonucleotides phosphodiester internucleoti 
de-linked 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic 



<400> 33 

ucucauuttc tttgtgcuca cga 



<210> 34 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PTEN48 
<220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-oligonucleotides 



EP 1 325 955 A1 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 

<400> 34 

guccuuuccc agctttacag uga 

<210> 35 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PTEN 52 
<220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-o!igonucIeotides 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-o!igonucleotides 



<220> 

<221> miscjeature 
<222> (17)..(23) 



EP1 325 955 A1 



<223> RNA-oligonucleotides 



10 



15 



20 



30 



35 



45 



50 



55 



<400> 35 

cuggaucaga gtcagtggug uca 



<210> 36 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PTEN53 



<220> 

<221> miscjeature 
25 <222> (1)..(7) 

<223> RNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oIigonucleotides 



<220> 

40 <221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



<400> 36 

ucuccuuttg tttctgcuaa cga 



<210> 37 
<211> 23 
<212> DNA 

<21 3> Artificial Sequence 



EP 1 325 955 A1 



<220> 

<223> PTEN 57 
<220> 

<221> miscjeature 

<222> (1)..(7) 

<223> RNA-oligonucleotides 



15 <220> 

<71\> miscjeature 

<222> (8)..{23) 

<r223> DNA-oligonucleotides 

20 



25 



30 



35 



40 



<220> 

<221* miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



<400> 37 

ugccacuggt ctgtaaucca ggt 



<210> 38 
<211> 23 
<212> DNA 

<213> Artificial Sequence 



<220> 

45 <223> mm PTEN 52 

<220> 

<?221> miscjeature 
50 <222> (1)..(7) 

<223> RNA-oligonucleotides 



55 



<220> 



EP 1 325 955 A1 



<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



10 



15 



20 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonudeotides 



<400> 38 

cuggaugaga ctgagtgcug uca 



<210> 39 
<211> 23 
<212> DNA 

<21 3> Artificial Sequence 

30 <220> 

<223> mm PTEN 53 

<220> 

35 <221> miscjeature 

<222> (1)..(7) 

<223> RNA-oligonudeotides 

40 

<220> 

<221> miscjeature 
45 <222> (8)..(16) 

<223> DNA-oligonucleotides 



50 <220> 



55 



<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonudeotides 



EP1325 955 A1 



15 



20 



25 



30 



<400> 39 

ucucauuttc tttgtgcuca cga 



<210> 40 
<211> 23 

10 <212> DNA 



<213> Artificial Sequence 
<220> 

<223> Luciferase 
<220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (8)..(16) ^ 

<223> DNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



45 



<400> 40 

cagaaugtag ccatccaucc uug 



<210> 41 
<211> 23 
<212> DNA 

<213> Artificial Sequence 



55 



<220> 

<223> p110alpha79 



EP 1 325 955 A1 



15 



20 



25 



30 



50 



55 



<220> 

<221> miscjeature 
<222> (1M7) 

<223> RNA-ofigonucleotides 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



<400> 41 

acuccaaagc ctcttgcuca guu 



<210> 42 

35 <211> 23 

<212> DNA 

<213> Artificial Sequence 

40 <220> 

<223> p110alpha82 

<220> 

45 <221> miscjeature 

<222> (1)..(7) 

<223> RNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



EP 1 325 955 A1 



5 <220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 

10 

<400> 42 

uaccacactg ctgaaccagu caa 

15 



<210> 43 

20 <211> 23 

<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> p110beta88 



30 



35 



<220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-oligonucleotides 



<220> 

<221> miscjeature 
40 <222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



55 



<400> 43 

caaauuccag tggttcauuc caa 



EP 1 325 955 A1 



<210> 44 

5 <211> 23 

<212> DNA 

<213> Artificial Sequence 

10 <Z20> 

<223> p110beta93 



15 



20 



30 



35 



<220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-o!igonucleotides 



<220> 

<221> miscjeature 
25 <722> (8)..(16) 

<223> DNA-oligonucieotides 



<220> 

<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oligonucleotides 



40 



<400> 44 

ggcuaacttc atcttccuuc cca 



<210> 45 

45 <211> 23 

<212> DNA 

<213> Artificial Sequence 



50 <22Q> 



<223> mmp110alpha79 



55 



<220> 

<221> miscjeature 



EP 1 325 955 A1 



5 



10 



15 



25 



30 



35 



50 



55 



<222> (1)..(7) 

<223> RNA-oligonucleotides 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> DNA-oligonucleotides 



<220> 

<221> misc_feature 
<222> (17)..(23) 
20 <223> RNA-oligonucleotides 



<400> 45 

acugcaaacc ctgttgcuca cuu 



<210> 46 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> . 

<223> mmp110alpha93 



40 <220> 

<221> miscjeature 
<222> (1)..(7) 

<223> RNA-oligonucleotides 

45 



<220> 

<221> miscjeature 

<222> (8)..(16) 

<223> ONA-oligonucleotides 



<220> 



EP 1 325 955 A1 



15 



20 



30 



35 



40 



45 



50 



<221> miscjeature 

<222> (17)..(23) 

<223> RNA-oIigonucleotides 



<400> 46 

10 ggcuaagttc ttcatccuug cca 



<210> 47 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PTEN S'-primer 



25 <400> 47 

caccgccaaa tttaactgca ga 



<210> 48 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PTEN 3'-primer 
<400> 48 

aagggtttga taagttctag ctgt 



<210> 49 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



23 



22 



24 



55 



<220> 

<223> Taqman probe 



EP 1 325 955 A1 



<220> 

<221> modified J)ase 

<222> (1)..(1) 
<223> linked to Fam 



<220> 

<221> modified J>ase 
<222> (31)..(31) 
<223> linked to Tamra 



<400> 49 

tgcacagtat ccttttgaag accataaccc a 

<210> 50 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> antisense oligonucleotide huPTEN:1686L21 
<220> 

<221> v miscjeature 
<222> (1)..(6) 

<223> Z-O-methyl ribonucleotide 



<220> 

<221> miscjeature 
<222> (7)..{15) 

<223> phosphorothioate-linked deoxyribonucleotide 



<220> 

<221> miscjeature 
<222> (16)..(21) 

<223> 2'-0-methyl ribonucleotide 



EP 1 325 955 A1 



<220> 

<221> miscjeature 
<222> 

<223> covalently linked to an inverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> covalently linked to an inverted abasic nucleotide 



<400> 50 

agaccacaaa ctgaggauug c 

<210> 51 
<211> 21 
<212> DNA 

<213> Artificial sequence 



21 



<220> 

<223> antisense oligonucleotide huPTEN:1686L21 4MM 
<220> 

<221> miscjeature 
<222> (1)..(B) 

<223> 2-O-methyl ribonucleotide 



<220> 

<221> miscjeature 
<222> (7)..(15) 

<223> phosphorothioate-linked deoxyribonucleolide 



<220> 

<221> miscjeature 

<222> (16)..(21) 

<223> Z-Omethyl ribonucleotide 



EP 1 325 955 A1 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked ito an nverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> covalently linked to an inverted abasic nucleotide 
<400> 51 

agacgactaa ctcagcauug c 2 

<210> 52 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> antisense oligonucleotide huPTEN:1420L21 
<220> 

<221> miscjeature 
<222> (1)..(6) 

<223> 2'-0-methy! ribonucleotide 



<220> 

<221> miscjeature 

<222> (7)..(15) 

<223> phosphorothioate-linked deoxyribonucleotide 



<220> 

<221> miscjeature 
<222> (15)..(21) 
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<223> 2-0-methyl ribonucleotide 



<220> 

<221> miscjeature 
<222> 

<223> covalently linked to an inverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> covalently linked to an inverted abasic nucleotide 



<400> 52 

21 

cccuuuccag ctttacagug a * 

<210> 53 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> antisense oligonucleotide huPTEN:1420 L21 4MM 
<220> 

<221> miscjeature 
<222> (1)..(6) 

<223> 2*-0-methyl ribonucleotide 



<220> 

<221> miscjeature 
<222> (7)..(15) 

<223> phosphorothioate-linked deoxyribonucleotide 



<220> 

<221> miscjeature 
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<222> (16)..(21) 

<223> Z-O-methyl ribonucleotide 



<220> 

<221> miscjeature 

<222> (1)..(1) 

<223> covalentty linked to an inverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> oovalenOy linked to an inverted abasic nucleotide 
<400> 53 

ccguuugcac ctttagagug a 21 

<210> 54 
<211> 21 
<212> DNA 

<21 3> Artificial sequence huPTEN intron 
<220> 

<221> miscjeature 
<222> (1)..(6) 

<223> 2-O-methyl ribonucleotide 



<220> 

<221> miscjeature 

<222> (7)..(15) 

<223> phosphorothioate-linked deoxyribonucleotide 



<220> 

<221> miscjeature 

<222> (16)..{21) 

<223> Z-O-methyl ribonucleotide 
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<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> covalently linked to an inverted abasic nucleotide 



<400> 54 

aagcagcaaa gtcctaagca g 

<210> 55 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> antisense oligonucleotide huPTEN: intron 
<220> 

<221> miscjeature 
<222> (1)-(6) 

<223> 2'-Omethyl ribonucleotide 



<220> 

<221> miscjeature 
<222> (7)..(15) 

<223> phosphorothioate-linked deoxyribonucleotide 



<220> 

<221> miscjeature 
<222> (16)..(21) 
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<223> 2'-0-methyl ribonucleotide 



<220> 

<221> miscjeature 
<222> (1)..(1) 

<223> covalently linked to an inverted abasic nucleotide 



<220> 

<221> miscjeature 
<222> (21)..(21) 

<223> covalently linked to an inverted abasic nucleotide 



<400> 55 

cagaautggg ctgtauuugg u 

<210> 56 
<211> 23 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> One strand (5* - 3') of PTEN specific RNAi 
<400> 56 

cuccuuuugu uucugcuaac gtt 



Claims 

3. The compound according to claim 1 or 2 which is a functional oligonucleotide. 

4. The compound according to claim 3, wherein the functional oligonucleotide is selected from the group comprising 
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antisense oligonucleotide, ribozyme and RNAi. 

5. The compound according to any of claims 1 to 4 wherein the nucleic acid is a genomic sequence. 

6. The compound according to any of claims 1 to 5 characterized In that the nucleic acid molecule or a part thereof 
is coding for a polypeptide. 

7. The compound according to any of claims 3 to 6, wherein the functional oligonucleotide comprises at least one 
modified internucleoside linkage. 

8. The compound according to claim 7. wherein the modified internucleoside linkage is a phosphorothioate linkage. 

9. The compound according to any of claims 3 to 8, wherein the functional oligonucleotide comprises at ieast one 
modified sugar moiety. 

10. The compound according to claim 9, wherein the modified sugar moiety is a 2-0-methoxy or a 2'0-methoxyethyl 
sugar moiety. 

11. The compound according to any of claims 3 to 10, wherein the functional oligonucleotide comprises at least one 
modified nucieobase. 

12. The compound according to claim 11 . wherein the modified nucieobase is a 5'-methylcytosine. 

13. Thecompoundaccordingtoanyof^^ 
is a chimeric oligonucleotide. 

14. The compound according to claim 13, showing the following structure: 

cap-(n p ) x (N s ) y (n p ) z -cap 

whereby cap represents inverted deoxy abasics or similar modifications 
n represents 2'-0-methyl ribonucleotides ; 
N represents phosphorothioate-linked deoxyribonucleotides , 
subscript p represents phosphodiester linkage, 
subscript s representsphosphorothioate linkage, 
subscript x represents an integer from 5 to 7; 
subscript y represents an integer from 7 to 9; and 
subscript z represents an integer from 5 to 7. 

15. A compose comprising a compound according to any of claims 1 to 14 and a phan.aceutica.ly acceptable 
carrier or diluent. 

16. A method lor inhibiting the expression of a gen. in a cell or tissue of JJ* ^ n 
contacting saW cells or mm. preferably In^,wlthacompoundofanyofola»its1tot4eott l at>neexpr 

of the gene is inhibited. 

17. Method accordingtodalmie, wherein the mammal ,s selected from the group comprising mtee, rate, guinea pigs, 
hamsters, monkeys, dogs and cats. 

oligonucleotide according to any of claims 3 to 14. 
55 1 9. A method for the identification and/or validation of a target comprising the following step: 

a) appymg to an expression system a functional oligonucleotide wherein the functional oligonucleotide is 
specific for PTEN hnRNA,. 
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20. A method for the identification and/or validation of a target comprising the following step: 

a) applying to an expression system a functional oligonucleotide wherein the functional oligonucleotide is 
specific for PTEN mRNA. 

21 . The method according to claim 1 9 or 20. wherein the target is part of the PI3K/PTEN related pathway. 

22 The method according to claim 19 or 20, wherein the target is part of a pathway which is selected from the group 
comprising the Akt related pathway, the EGF-related autokrine loop and the mTOR pathway. 

23 The method according to any of claims 1 9 to 22, wherein the target is involved in the pathogenetic mechanism of 
' a disease or condition selected from the group comprising glioblastoma, prostate cancer, breast cancer,, lung 

cancer, liver cancer, colon cancer, pancreatic cancer and leukaemia. 

24 The method according to any of claims 19 to 23, wherein the target is involved in a biological process selected 
' from the group comprising proliferation, cell survival, migration, apoptosis, stress signalling, metastasis, anoikis, 

cell attachment and processes signalling through modulation of PI3K activity. 

25 The method according to any of claims 19 to 24, wherein the target is selected from the group comprising tran- 
' scriptton factors, motility factors, cell cycle factors, cell cycle Inhibitors, enzymes, growth factors, cytotanes, and 

tumor suppressors. 

26 The method according to any of claims 19 to 25, wherein the target is a tumor suppressor and wherein the tumor 
suppressor is selected from the group comprising landscapers, gatekeepers and caretakers. 

27 The method according to any of claims 1 9 to 26, wherein the method further comprises as step b) 

27. The ^° paring ^ ^ f J ion pattem of the expression system upon application 0 f thef unctional oligonucleotide 

with the expression pattern of the expression system under control conditions. 

28 The method according to any of claims 19 to 27, wherein a further expression modifying agent is applied to the 
' expression system, the expression pattern of the expression system is detected and the expression pattern is 

compared to the expression pattern generated upon steps a) and/or b). 

29. The method according to claim 28, wherein the expression modifying agent is afunctional oligonucleotide. 

30. The method according to claim 28 or 29, wherein the expression modifying agent is modifying the expression of 
a second target, preferably according to any of claims 21 to 26. 

31. The method according to any of claims 28 to 30, wherein the second target is different from the target according 
to any of claims 19 to 30. 

32. The method according to claims 1 9 to 31 , wherein the target is the molecular target of PTEN, preferably of PTEN 
acting as a tumor suppressor. 

33. A method for the identification and/or validation of a target wherein the target is part of a tumor suppressor related 
pathway comprising the following step: 

a) applying to an expression system a functional oligonucleotide wherein the functional oligonucleotide Is 
specific for hnRNA of a tumor suppressor, preferably the non-coding part thereof. 

34. A method for the identification and/or validation of a target wherein the target is part of a tumor suppressor related 
pathway comprising the following step: 

a) applying to an expression system a functional oligonucleotide wherein the functional oligonucleotide is 
specific for an mRNA encoding the tumor suppressor. 

35 The method according to claim 33 or 34, wherein the target is involved in the. pathogenetic mechanism of a disease 
' or condition selected from the group comprising glioblastoma, prostate cancer, breast cancer, lung cancer, liver 
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cancer, colon cancer, pancreatic cancer and leukaemia. 

36 The method according to claim 33 or 35, wherein the target is involved in a biological process selected from the 
group comprising proliferation, cell survival, migration, apoptosis, stress signalling, metastasis, anoikis, cell at- 
5 tachment. processes involving activation of PI3K and cancer relevant pathways involving signalling induced by 

various growth factors or cytokines. 

37. The method according to any of claims 33 to 36, wherein the target is a tumor suppressor and the tumor suppressor 
is selected from the group comprising landscapers, gatekeepers and caretakers. 



TO 

38 The method according to any of claims 33 to 37, wherein the method further comprises as step b) 

comparing the expression pattern of the expression system upon application of the functional oligonucleotide 
with the expression pattern of the expression system under control conditions. 

15 39 The method according to any of claims 33 to 38, wherein a further expression modifying agent is applied to the 
expression system, the expression pattern of the expression system is detected and the expression pattern is 
compared to the expression pattern generated upon steps a) and/or b). 

40. The method according to claim 39, wherein the expression modifying agent is a functional oligonucleotide. 

20 41. The method according to claim 39 or 40, wherein the expression modifying agent is modifying the expression of 
a second target, preferably a target according to any of claims 21 to 26. 

42. Antisense oligonucleotide selected from the group comprising 



25 



30 



35 



40 



45 



B ugaacugC s TsA s G s CsC s T s CsT s ggauuug B (SEQ ID No. 1) 



B uggacaaCiA 5 A s GsT $ G 5 TsC $ A $ aaacccu B (SEQ ID No. 2) 



B ggaaaccT s C*T s CsT,T 5 A s G 5 C s caacugc B (SEQ ID No. 3) 



B uguugcaCAsA^GsG^TsC^AsUUCcugu B (SEQ ID No. 4) 



B cuuccgaG,A,G B G, A,G,AsG 5 Asacugagc B (SEQ ID No. 5) 



B ccacaaaC,TsG s A s G,G, A,T s T,gcaaguu B (SEQ ID No. 6) 



B ucugacaQAsAsT.GsT, CATsauugcca B (SEQ ID No. 7) 
B aaggaggA i G,A s G 5 A 5 G s A s T $ G s gcagaag B (SEQ ID No. 8) 



50 



55 



B guccuuuQQCsAsGATJsTsacaguga B (SEQ ID No. 9) 

B cuggaucA.G I A s G,T,C,A,G*T s gguguca B (SEQ ID No. 10) 
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B ucuccuuT s T s GsT 5 T s T 5 CsT s G s cuaacga B (SEQ ID No. 11) 



B ugaacugC s TsAsG 5 CsC $ T 5 CsT s ggauuug B (SEQ ID No. 12) 

B ugcugauCsT.TsCsA^TsCsAsA^aagguuc B (SEQ ID No. 13) 

B acuuugaTsGsTsCsAsCfiCsAsCsacacagg B (SEQ ID No. 14) 

B uggguccTsGsAsGsTsTsGsGsA^ggaguag B (SEQ ID No. 15) 

B cuucaccT s T s TsA fi G s C s T s G s G s cagacca B (SEQ ID No. 16) 
B ugccacuGsCTsCsTsGsTsAsAsUccaggt B (SEQ ED No. 17) 

B ucucuggT s C s C B T $ T s A s C s T s T $ ccccaua B (SEQ ID No. 1 8) 

B ucgucuuC s A 5 C s T 8 T s A $ GsC 5 Csauugguc B (SEQ ID No. 19) 

B gucuuucT s G s C s A s G s GsA 5 A 5 A s ucccaua B (SEQ ID No. 20) 

whereby B stands for inverted abasic, positions 1 through 7 and positions 17 through 23 are 2'-0-methylated 
ribonucieotides and are phosphodiester -linked, positions 8 through 17 are phosphorothioate linked, positions 8 
through 16 are desoxynucleotides, position 17 is a ribonucleotide, 

B gsUsCsCUUuCsCsCsAsGsCsTsTsTsacagsiisgsa B (SEQ ID No. 21) 

whereby B stands for inverted abasic, positions 1 through 7 are 2'-0-methyIated ribonucleotides, positions 8 
through 16 are desoxynucleotides, positions 17 through 23 are 2'-0-methylated ribonucieotides, positions 1 
through 4 are phosphorothioate linked, positions 4 through 8 are phosphodiester- -linked, positions 8 through 17 
are phosphorothioate -linked, positions 1 7 through 20 are phosphodiester- linked, and positions 20 through 23 are 
phosphorothioate linked, 

B agaccaCAAACTGAGgauugc B (SEQ ID No 50, also referred to herein as 
huPTEN:1686L21), 

B agacgaCTAACTCAGcauugc B (SEQ ID No 51, also referred to herein as 
huPTEN:1686L21 4MM), 
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B cccuuuCCAGCnTAcaguga B (SEQ ID No 52, also referred to herein as 
huPTEN:1420L21), 

ccguuuCSCACCTTTAgaguga (SEQ ID No 53, also referred to herein as huPTEN:1420Ul 
4MM), 



B 



aagcagCAAAGTCCTaagcag B (SEQ ID No 54, also referred to herein as huPTEN intron). 



B cagaauTGGGCTGTAuuuggu B (SEQ ID No 55, also referred to herein as huPTEN intron), 

whereby B represents an inverted abas, nucleotide, each 

43. Use of any of the antisense oligonucleotide according to claim 42 and/or the compound according to any of claims 
1 to 14 in a method according to any of claims 29 to 41 . 

44. A method for the generation of a functional oligonucleotide, preferably for use in a method according to any of the 
preceding claims, comprising the following steps: 

a) providing an initial functional oligonucleotide specie for the hnRNA, , or the mRNA of a tumor suppressor, 
preferably PTEN, 

b) modifying the Initial functional oligonucleotide, and 

c) testing the functional oligonucleotide modified in step b) on its specificity for the mRN A. 

45. The Method according to claim 44, wherein the testing is done in an expression system. 

46. The Method according to claim 44 or 45 further comprteing the step of comparing the specificity of the initial and 
the modified functional oligonucleotide. 

47. The Method according to any of cteims 44 to 46, wherein the initial functional oligonucleotide is an oligonucleotide 
according to claim 44. 

48 A method for the screening of a candidate compound interacting with a target ^^^^^ 
suppressor related pathway or part of a PTEN related pathway, the method compnsmg the following steps. 

suppressor is PTEN. 

- screening a iforary of candidate compounds in said expression system to identify one or more elements of the 
library having activity with regard to interacting with the target and. optionally. 

- identifying said elements. 
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